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REGISTRATION OF EARTH-CURRENT WITH NEUTRAL ELECTRODES. 


BY 

Sudhansu Kumar Banerji, D.So. 

( Received 23rd September 1932.) 

1. Introduction. 

In the years 1928-30, a series of experiments 1 were carried on in the Colaba and 
Alibag Observatories mainly with the object of determining the best arrangement for 
the recording of earth-current with short lines, 200 to 300 metres long. The advantage 
of using lines several kilometres in length have long been recognized; such lines make 
the polarisation current small, though not negligible, compared with the natural current. 
Nevertheless, the expense and labour involved in their installations are always great and 
the necessary sites and facilities are not always easy to obtain. As a consequence very 
few observatories have hitherto been able to arrange for the observations of earth-current. 
An investigation of the possibilities of short lines appeared therefore to be of importance 
and the reply received from the Carnegie Institution of Washington to a preliminary 
enquiry proved sufficiently encouraging. 

It was obvious from the very beginning that with short lines, the polarisation current 
must be avoided altogether. No known design of electrode 2 would, however, satisfy 
this requirement. Preliminary observations of the contact potential of various metals 
sunk into the soil showed that some of them were markedly electropositive while others 
were markedly electronegative with respect to the soil. It was therefore clear that if 
electropositive and electronegative metals be suitably combined, it should be possible 
to obtain an electrode which would be neutral with respect to the soil. 

Obviously the contact potential of metals would depend on the composition of the 
soil. The soil at Colaba is mainly rocky while that at Alibag is mainly sandy. It was 
decided to determine by trials the most suitable neutral electrodes at both places. For¬ 
tunately, a few electropositive and electronegative metals with respect to soils at both 
the places could be obtained without difficulty. Installations with neutral electrodes 

1 A preliminary note on these experiments was published in “ Nature,” March 30, p. 506,1929. 

2 For sending out signals over sea areas and for geophysical prospecting electrodes dipped in salts of their own metals 
(silver in silver chloride or copper in copper sulphate) have been used. This method does not, however, completely eliminate 
the oontact potential with respect to either sea water or soil although it is much minimised when a saturated solution of the 
salt is maintained. In practice it is found that it is difficult to maintain saturation in contact with the soil, and the method, 
therefore, frequently leads to uncertain and variable polarisation current, vide “ Practical Applications of the Earth-current 
Meter,” by Burton McCollum and K. H. Logan, Technologic paper of the Bureau of Standards, No. 351, pp. 690-691 (1927). 
For a description of the electrodes used in geophysical prospecting, see pages 238-241 of “ The Principles and Practice of 
Geophysical Prospecting,” being the report of the Imperial Geophysical Experimental Survey, Cambridge University Press, 
1931. 

(Memoirs of the Ind. Met. Dept., Vol. XXVI, Part I.) 
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were then set up both at Colaba and Alibag, which are about 20 miles apart, and con¬ 
tinuous registration of earth current was obtained at both places by means of recording 
galvanometers. It was found that on account of chemical action, the neutrality of the 
electrodes is not maintained indefinitely, unless they are periodically removed and scraped.. 
To avoid frequent removals and scraping of the electrodes, small separate electrodes of 
the positive and negative metals were sunk, and one or other of these was joined to the 
main as and when found necessary to correct for any small polarisation current that 
may develop. The records obtained at the two places show many interesting features 
and these are described in the following pages. 

Besides the electric tram service in the Bombay city, which commenced in 1906, 
electric train service was opened between Victoria Terminus and Kurla (9 miles) in 1925, 
and between Bombay and Poona on the 5th November, 1929. Most of the experiments 
described in this paper were therefore made when the electrification of the railways was 
confined within a few miles of the Bombay city. 

2. Experimental arrangements at Colaba and Alibag. 

A line in the direction southwest to northeast was installed, as an experimental 
measure, in the Colaba Observatory compound in December, 1927, the electrode distance 
being 230 metres. This direction was chosen, not for any scientific reason, but because 
the maximum length could be obtained in that direction. Bare copper wire, 12 S. W. G., 
was used and passed through insulators fixed on wooden pegs two feet above the ground. 
The electrodes were sunk in small wells five feet below the ground surface. At this depth 
the soil remained always moist, so that a good contact of the electrode and the soil was 
always ensured. In order to maintain constant condition of the soil in the wells, as far 
as possible, double wooden covers were arranged over them. 

On the 18th March, 1928, an experimental line was installed in the Alibag Obser¬ 
vatory. This was in the north-south direction and the electrode distance was about 
200 metres. Continuous records were obtained both at Colaba and Alibag by means 
of photographically recording suspended-coil galvanometers. As the investigation mainly 
concerned itself with the methods of measurement, a second line at right angles was not 
installed in either of these places. 

The polarisation current is a function of the dimensions cf the electrodes, the 
metal or metals of which they are made and the depths to which they are sunk, and also 
of the composition of the soil. The electrodes used were therefore either (1) in the form 
of a straight pipe, of an inch in diameter with a closed conical end, and a large number 
of perforated holes on the sides, or (2) of a pipe in the form of a spiral, according as the 
area of the metal surface required to be in contact with the soil was less or greater. 

The contact potentials of a large number of metals with respect to the soil both at 
Colaba and Alibag were determined and those only were selected for the preparation of 
electrodes which were comparatively cheap and easily obtainable. At Colaba, for ins¬ 
tance, copper was found to be electropositive with respect to the soil and zinc electro¬ 
negative and these were therefore compounded to form a neutral electrode. At Ah'bag, 
both copper and zinc were found to be electropositive with respect to the soil, but lead 
was electronegative. 
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When freshly installed, two electrodes of the same metal give a large polarisation 
current, but after 3 or 4 days a more or less stable condition is attained. 

| A fspltll 

e y~Q> 

/ 

B 

(Fig. 1.) 

When four electrodes A (copper), B (zinc), C (copper), D (zinc) were sunk in the soil 
at Colaba to suitable depths and the circuit arranged as shown diagrammatically in 
Fig. 1, a condition could be obtained by trials under which the average current flowing 
through the line EF joining both sets of electrodes, 230 metres apart, was zero. 

When this condition was attained, it was found that:— 

(1) The current flowing through the line joining B and D only, that is the two 

zinc electrodes, was on the average 120 microamperes. Current flowed 
from NE to SW. 

(2) The current flowing through the line joining A and C only, that is the two 

copper electrodes, was on the average 120 microamperes, but the direction 
of the current was SW to NE. 

(3) Current flowing through the line joining the two electrodes A and B or C and 

D (placed 60 cm. apart) was on the average 230 microamperes, copper being 
the positive electrode and zinc the negative electrode. 

In the line AB, there is a fall of potential from A to B and consequently a point E 
can be found which is very nearly at the same potential 3 as at the earth between A and 
B. So also in the line CD, a point F can be found which is very nearly at the same poten¬ 
tial as at the earth between 0 and D. If the potential of the earth between A and B 
and that between C and D undergo variations, then there will be corresponding variations 
in the potentials at E and F. The current flowing in the line EF must therefore be due 
to imposed potential at the points E and F on account of true natural causes. This is * 
evident from the fact that if A and B are made to touch each other as well as C and D, 
then each pair will form a neutral electrode and record the potential at the respective 
places of installation. 

If the points E and F be maintained strictly at the same potentials as those at the 
corresponding points of the earth, then we get a “constant current” pins a “ variable 
current ” passing along the line EF. The constant current appears to be negligibly 

3 No acourate determination is possible as to whether E and F are exactly at the same potential as the ground, for, in all 
measurements, the contact potential between the ground and the terminal of the measuring apparatus will be involved. We 
can, however, make this effect very small and when the test is applied under this condition, E and F will be relatively at very 
small higher or lower potentials than those at the corresponding points of the earth. 
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small compared with the amplitude of the variable current. Owing to this consider¬ 
ation and also in view of the fact that the daily application of the tests to find out whether 
E and F truly represent the potentials at the points of the earth s surface, and the shift¬ 
ing of their positions along AB and CD if they do not, is very troublesome, it is advan¬ 
tageous to fix up the positions of E and F such that there is no constant current through 
the galvanometer placed in the line EF . This is easily tested and maintained from day 
to day. If a straight line is drawn through two specks representing the “ zero ” posi¬ 
tions of the galvanometer at the beginning and the end of a day s record, the oscillations 
due to the leakage current must lie evenly about the line both at the beginning and the 
end. 

When this method is adopted, we cancel not only the polarisation current but also 
the constant part of any natural current flowing in the line. It has not been definitely 
established whether there is a constant part of the earth-current flowing in some parti¬ 
cular direction. With short lines, the constant current is so small that it is not possible to 
settle the question. But when lines, a mile or a couple of miles long, are used, we should, 
with neutral electrodes, get appreciable constant current, if it is in existence at all. This 
point will be investigated when arrangement is made for regular observations of earth- 
current at some suitable site. The present series of experiments shows that with short 
lines and neutral electrodes we can get faithful records of the variation of the earth- 
current. 

The balance in the polarisation current produced by compound electrodes is not 
maintained indefinitely, unless the electrodes are scraped once a fortnight to get rid of 
the incrustations formed on their surface in consequence of chemical action. This fre¬ 
quent scraping was found in practice very troublesome. To avoid this, several small 
separate electrodes of both electropositive and electronegative metals were sunk close to 
the main electrodes and one or other of these was joined to the main whenever necessary 
to eliminate the small polarisation current that developed. Even with this treatment 
it was found necessary to scrape all electrodes once every two months. This is un¬ 
doubtedly a drawback in the method, but it is difficult to think of any electrode system 
which does not suffer from such disadvantages. 

The coils in the recording galvanometers used in these experiments were of low resist¬ 
ance such that the polarisation current and its variation would become immediately 
detectable. 

3. Leakage current from the electric railways at Bombay. Comparison of the 
earth*current records at the two stations with the voltage records at 
the power station. 

A typical earth-current record obtained in the Colaba Observatory has been repro¬ 
duced in Fig. 2 of Plate I. The most conspicuous features are the rapid and violent 
fluctuations throughout the record except during the period from midnight to 4 hours 
in the early morning. These oscillations are due to the leakage of currents 4 from the 
electric tramways at Bombay. The corresponding record taken at the power station of 

4 For a discussion of the factors governing the leakage of the currents from electric railways see the paper on Leakage 
of ourrents front electric railways,” by B. McCollum and K. H. Logan, Technologic paper No. 63 of the Bureau of Standards 
(1916). 
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the voltage variations on account of the tram-cars running along the electric railways has 
been reproduced in Fig. 1 of Plate I. This record is strikingly similar in all the essential 
details with the earth-current record. This is what, one should expect, for the amount 
of current leaking from the rails must be directly proportional to the operating voltage 
at any instant. The comparatively quiet condition of the earth-current between mid¬ 
night and 4 hours in the early morning is due to reduced or suspension of railway opera¬ 
tions between these hours and almost negligible flow of current from the rails. By the 
courtesy of the Bombay Electric Supply and Tramway Company, a large number of volt¬ 
age records and the corresponding earth-current records has been analysed in this way 
and they have been found to be similar in their essential features. 

An analvsis of earth-current records taken at Colaba shows.that the average range 
(or double amplitude) of oscillations of the leakage current is of the order of 110 micro¬ 


amperes. 

In Plate II have been given two simultaneous records of earth-current at Colaba 
and Alibag and the corresponding voltage record at the power station. In obtaining 
these records, the galvanometer at Alibag was made about 20 times more sensitive than 
that at Colaba so that the oscillations produced by the leakage current, which are much 
smaller at Alibag, became magnified to an extent as to be comparable with those recorded 
at Colaba. It will be seen that so far as the effect of the leakage current is concerned 
the two records are very similar in the essential details. The discrepancies are largely 
due to the fact that the direction of the line at Colaba is different from that at Alibag. 
Both leakage current records show a general agreement with the voltage record at the 
power station. All the simultaneous records obtained at the two stations show similai 
agreement. 

The average range of oscillations due to the leakage current at Alibag is of the order 
of 5 micro-amperes. Colaba Observatory is situated at a distance of about 5 miles and 
Alibag about 25 miles from the centre of the electric railways at Bombay. The average 
amplitudes of the leakage current at the two stations vary roughly as inverse square of 
distance and therefore agree roughly to a laminar flow from the electric tramways in all 
directions. The effect of the leakage current on the declination magnetogram at Colaba 
is seen in the record reproduced in Fig. 3 of Plate I. The oscillations in the magnetogram 
show the same features as the voltage record at the power station or the earth-current 


record at Colaba. 

The average value of the range of oscillations in the declination magnetogram at 
Colaba (March, 1929) due to leakage current is of the order of 064 minute of arc. Both 
Colaba and Alibag are very nearly south of the electric railways. It is therefore of interest 
to compare whether a laminar flow of oscillatory current having the average range of 
the order of 110 micro-amperes and 5 micro-amperes at the two places, and flowing 
approximately in the N-S direction, can produce the observed oscillations in the declina¬ 
tion magnetograms. 

An oscillation having the range of O' 64 minute of arc can be produced in the declina¬ 
tion magnetogram at Colaba by an oscillatory magnetic field in the E-W direction having 


the range 


A 7 = tfcosD. A D, 
where a D=0* 64 minute of arc. 


c 
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Now the mean value of //atColaba In March, 1929, was 36666y, where y—10" 6 C. G. S. 
unit of force, and that of D is 58\5 minutes westerly. Therefore 

Af = 36666 X ‘99999 X *64X *00029 
= 6*81y. 

We will now determine the magnetic field due to a laminar flow of current of strength 
i in the north-south direction. Let the cr-axis be in the north-south direction, t/-axis 
in the west-east direction and z-axis vertically upwards. 

Let the co-ordinates of the point at which the components of magnetic force are 
required be (o, o, z'). Any point on the plane lamina will have the co-ordinates {x, y, 6). 
Therefore 

r 2 =x 2 -{-y 2 -\-z' 2 

The formulae 5 giving the components of magnetic force (a, b, c) are— 



bz’ \ r ) ds ‘ 

j- dxdy, 


b / 1\ dz ) 
bx’ V r / ds j 

- dxdy , 


b / l\ dx " 
by' \ r ) ds , 

| dxdy, 


ds being an element of length in the direction in which the current is flowing. 

But since ds=dx, the equations reduce to 

a~o, b =ffi 7^(7 c=0 - 

We thus obtain 

b - ff* 7 (7 ) irjl v 

" - -0 wO-***- 

— —i X solid angle at (0, 0, z') subtended by the ground 
=' —• 2tzi. 

We thus see that a laminar flow of 110 micro-amperes in the north-south direction would 
produce a magnetic force in the east-west direction of magnitude 

22 1 

=2XyXllOXlO~ 6 X^ C. G. S. unit of force 

—’ 6-9 X10 ~ 6 C. G. S. unit of force 
= 6'9y. 

This is almost exactly equal to the force which is necessary to produce the observed dis¬ 
turbance in the declinationi magnetogtam. 

At Ahbag, the laminar flow of 5 micro-amperes in the north-south direction would 
produce a magnetic force in the east-west direction of magnitude 

22 1 

=2x y X 5X lO^X jjj C. G. S. unit of force 
=08y. 

•Jeans, “Eleotrioity and Magnetism,” second edition, page 438. The integration in these formulae extends along all 
the conductors in which a ourrent of strength » is flowing. Since in the present case, the current i s laminar, the integrals 
become surface integrals. 
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This is a very small force and will not be detected by a declination magnetograph of 
ordinary sensitiveness. , There are two declination magnetographs at Alibag. Watson’s 
D-magnetograph, having the scale value 1 cm.—10-28 minutes of arc, is unaffected by 
-.this force, but a more sensitive D-magnetograph, having the scale value 1 cm.=3-4 
minutes of arc, recently installed by me, makes the oscillations due to this force just 
faintly visible. 


<SL 


4: Diurnal variation of earth-current. 

. Even though the. leakage current from the electric tramways and railways consti¬ 
tutes a great disturbing factor, yet when a sufficiently large galvanometric magnification 
is adopted the diurnal variation of the natural earth-current is conspicuously brought 
out in the records at Alibag. Four earth-current records at Alibag for four consecutive 
magnetically quiet days have been reproduced in Plate III. The smoothed lines drawn 
through the oscillatory curves represent the nature of diurnal variation. At Colaba, on 
the other hand, when a large magnification is adopted, the oscillations due to tlie leakage 
current sweep over the whole photographic paper and it is impossible to draw smoothed 
mean lines or to make out the diurnal variation of the natural current. 

The mean hourly values of the north-south component of the earth-current potential 
gradient based on the tabulations of the records taken at Alibag during the years 1928-30 
have been given in Table I in milli-volt per kilometre. In preparing the table all days 
have been used, with the exception of those on which the records obtained were faulty. 
During the monsoon months, the number of faulty records was fairly large owing to 
disturbance of the equilibrium of the earth-current lines after heavy rainfall. 

In preparing this table the mean value of the resistance of the soil between the elec¬ 
trodes, which was 120 ohms has been used. During the monsoon months, the resistance 
of the soil was found to undergo considerable fluctuations and the use of the mean value 
of the resistance in these months is therefore not quite justifiable. If the figures in this 
table be all doubled, then they will represent the values of the earth-current in micro¬ 
amperes. The plus sign in the table will then indicate that the current flows from 
north to south and the minus sign from south to north. Owing to the variable 
resistance of the soil, the values in micro-amperes give a better representation of the 
earth-current in the monsoon months than those in milli-volts per kilometre. 

The hourly values of the north-south component of the earth-current at Alibag are 
smaller than those in Spain 6 (Ebro). They are however almost of the same order as 
those deduced from the observations (1924-27) taken in Sweden 7 (Lund-Landskrona 
and Lund-Eslov) and in the recently established earth-current Observatory at Watheroo 8 
(1924-27). The reason why the Ebro values are larger is not quite clear. The smaller 
values at Watheroo, Sweden and Alibag are probably due, as pointed out by Gish and 
Rooney in their analysis of the Watheroo observations, to the larger conductivity of the 
soil in these places, but may be also partly due to the electrode system and methods of 
measurement at Ebro, which is one of the oldest earth-current observatories. 


«“ Ter. Mag. Atm. Elec.,” Vol. 27, pp. 1-30, (1922). 

»“ Ter. Mag. Atm. Elec.,” Vol. 32, pp. 143-146, (1927). 

8 “ Ter. Mag. Atm. Elec.,” Vol. 33, pp. 79-90, (1928). 

C 2 



Table 1 


00 


Earth-current Potential Gradient, North-South Component, 1928-30 (Alibag Observatory). 

(Corrected for non-cyclic change). 

In Milli-volts per kilometre. 


Hours (B. M. T.). 


Mouth. 

7 

o 

©i 

1 

r—< 

i 

©i 

+ 

1 

CO 

T 

o 

1 

*o 

7 

SO 

t 

7 

00 

o 

7 

3) 

10—U. 

11—12. 

12—13. 

*4 

T—< 

1 

CO 

r-4 

14—15, 

15—16. 

16—17. 

00 

7 

t- 

18—19. 

j!Y' ; r 

19—20. 

20—21. 

21—22. 

22—23. 

23—24. 

January 



. 


+ 02 

+ •04 

—•10 

—09 

+ •05 

+ •01 

—23 

—45 

—55 

—34 

—03 

+ •11 

+•13 

—41 

—37 

—33 

—22 

—ii 

—03 

+ •03 

+ 03 

+ •07 

+ •10 

+•07 

February 





+ •21 

+ •20 

+ •23 

+ •26 

+ •27 

+ •30 

+ •40 

+ •45 

+ •51 

+ •49 

+ •41 

+ •21 

+•13 

—03 

—11 

—13 

—09 

—05 

+•01 

+ 03 

+ 05 

+ •06 

+•11 

+•17 

March . 





—27 

—34 

—40 

—33 

—61 

—61 

—59 

—38 

—19 

—03 

+ •15 

+ •09 

—07 

—42 

—51 

—43 

—29 

—25 

+ •01 

+ •01 

—13 

—19 

—17 

—23 

April . 





—08 

—11 

—05 

—01 

+•05 

—07 

•00 

+ •05 

+ •35 

+ •50 

+ •31 

+ •11 

—21 

—57 

—69 

—59 

—•51 

—33 

—06 

—03 

+•05 

—04 

—03 

—07 

May . 





—07 

—02 

+ •05 

+ 04 

+ •04 

—15 

—27 

—29 

+ •07 

+ •29 

+ •39 

+ •44 

+•27 

—27 

—59 

—57 

—59 

—51 

—07 

+ •21 

+ •13 

•00 

+ •13 

+ •11 

June 





—66 

—66 

—63 

— 45 

—35 

—49 

—55 

—55 

—•33 

+ 02 

+ •21 

—12 

+ 04 

—21 

—39 

—55 

—59 

—25 

—13 

•00 

—21 

—45 

—55 

—45 

July 





+ •25 

+1-41 

+ •96 

+ •87 

+ •41 

+ *11 

—09 

—12 

+ •06 

+ •25 

+ •19 

+ •28 

+ •35 

+ •14 

+ •89 

+ •61 

— 29 

+ •12 

+ •63 

+ •32 

+•37 

+ •57 

+ •47 

+ •13 

August . 





—05 

—07 

+ •09 

+•05 

—15 

+ •17 

+ •40 

+ •13 

—37 

—54 

—67 

—29 

— 19 

+ •09 

+ •60 

+ •67 

+ •61 

+•51 

+ •20 

—07 

+ •05 

—07 

—10 

—29 

September 





—07 

—11 

—23 

—22 

—14 

—29 

—15 

—21 

—67 

—1*07 

—79 

—81 

+ •41 

+ •79 

+113 

+ •87 

+ •32 

+•10 

—09 

—24 

—03 

—31 

—31 

—27 

October 





—53 

—5i 

—49 

—44 

—37 

—31 

—23 

—13 

+•29 

+ •67 

+•43 

+ •05 

—85 






+•27 

—17 

—05 

—26 

—43 

—40 

November 





+•20 

+•18 

+ •29 

+ •31 

+ •35 

+ •39 

+ •43 

+ •53 

+ •51 

+•51 

+ •43 

+ •27 

+•19 

+ •10 

+•03 

+ •15 

+ •19 

.+•25 

+ •32 

+ •25 

+ •21 

+ •31 

+ •31 

+ •21 

December 




• 

+ •36 

+ •39 

+ •41 

+ •47 

+ •39 

+ •33 

+ •31 

+•31 

+ •34 

+ •30 

+ •27 

+ •13 

—03 

—19 

—27, 

—30 

—29 

—23 

—17 

—05 

—07 

+ •01 

+ •07 

+ •19 

Yearly mean. 

—05 

+ •03 

+ 01 

+ 03 

•00 

—04 

—05 

—05 

+ •01 

+ •09 

+ •11 

+ •04 

—01 

—16 

—09 

—11 

—20 

—11 

+ •07 

+ 03 

+ •03 

—03 

—03 

—07 

Winter period (December to March) Mean. 

+ •08 

+ 07 

+ •03 

+ •07 

+ •05 

+ •03 

—03 

—01 

+ •03 

+•11 

+ •19 

+ •13 

—03 

—27 

—31 

—30 

—22 

—16 

—05 

+ 01 

—03 

—01 

+•03 

+ •05 

Yearly Range ..... 

101 

2*07 

1-59 

1-32 

•92 

•90 

102 

1-08 

1-18 

1*74 

1-22 

1-25 

1-26 

1-75 

1-92 

1-68 

1-20 

102 

•80 

•56 

•58 

1-02 

1-02 

•66 


pa 

W 


BANEEJI 































































































Mag Pot. Grad. 



Fig. 3. Diurnal variation of earth-current, N-S, (continuous 
line), potential gradient of atmospheric electricity (line 
with dots) and of magnetic force, E-W, (broken line) 
for the whole year. 
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REGISTRATION OF EARTH-CURRENT. 

The mean diurnal variations of the north-south component of the earth-current (at 
Alibag), the cast-west component of magnetic force (at Alibag), and the potential gradient 
of atmospheric electricity (at Colaba) have been plotted in Fig. 2 for the winter period 
and in Fig. 3 for the year as a whole. All three curves are affected by a double wave and 
have positive correlation with each other during day hours. This is roughly in agreement 
with the analysis 9 of Ebro observations made by Dr. Louis A. Bauer. His analysis shows 
that “ apparently a very close relationship exists between earth-current diurnal varia¬ 
tions and time gradients of the atmospheric-electric potential during the day. It would 
seem that the relationship between earth-current and atmospheric electricity is even 
closer than between earth-current and terrestrial magnetism ”. One should naturally 
expect that the fluctuating magnetic field will be associated with current variations on 
the surface of the earth according to the laws of electro-magnetism and therefore a high 
degree of correlation between the variations of the north-south component of the current 
and those of the east-west component of the magnetic field and vice versa. The reason 
why the variation of the earth-current should show a close relationship with that of the 
potential gradient of atmospheric electricity is however not so obvious. Since the poten¬ 
tial gradient — of atmospheric electricity is equal to c, where a is the surface 

density of charge over the earth, the diurnal variation of the potential gradient at any 
point must be produced by a diurnal variation of the surface charge at that point and 
vice versa. If the total charge on the earth’s surface be assumed to be constant, then the 
diurnal variation of charge at any point can be produced only by a fluctuating flow of 
charge over the earth’s surface, or which is the same thing as a fluctuating earth-current. 
It thus becomes clear that the diurnal variation of the earth-current must have some 
correlation with a diurnal variation of the potential gradient. 

5. Earth-current storms. 

It is of course to be expected that the large variations in the natural earth-current 
which take place during a magnetic storm would be recorded without difficulty by short 
lines. To illustrate the character of the record obtained during a magnetic storm, I have 
given in Plate IV the earth-current record obtained during the magnetic storm of October 
18-19, 1928, immediately below the records for the horizontal and vertical components 
of the magnetic force and declination. It will be seen that the disturbance in the earth- 
current has a “ sudden commencement ” at exactly the same time as the magnetic com¬ 
ponents have. There is also . a general correspondence of the variation in the earth- 
current with that in the components of the magnetic force. The relationship between 
the magnetic variations and the electric variations during the storm can be seen clearly 
from the figures given in Table II. The times of the maximum and minimum peaks in 
the earth-current record and in the records for the magnetic elements agree fairly closely 
with each other. The mean range of earth-current oscillations during the storm is 18 
micro-amperes in the north-south direction, and, if we calculate as in Art.. 3, we see at 
once that it will produce magnetic oscillations in the east-west direction of the average 
range of about ly, which is equivalent roughly to oscillations of the average range of 


♦ “ Ter. Mag. Atm. Elec.,” Vol. 28, pp. 129-140, (1923). 
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Table II. 
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0*1 minute of arc in declination. Actually, however, the average range of oscillations of 
declination during the storm was 1*9 minutes of arc, or about 19 times more. It is thus 
clear that the earth-current oscillations are not purely the effect of magnetic oscillations 
during a storm or vice versa. They no doubt owe their origin to common disturbing 
forces, but these forces affect the magnetic and electrical conditions of the earth to a large 
extent independently of each other. 

The observations clearly indicate that lines as short as 200 metres are quite good for 
the recording of earth-current provided steps be taken to avoid the polarisation current 
altogether. It would appear from the law of fading of the leakage current with distance 
that sites for the earth-current installations should be chosen at least a hundred miles 
away from the nearest electric railways. 


6. Summary. 

The paper describes certain experiments made at the Colaba and Alibag Observa¬ 
tories during 1928-30 in regard to the registration of earth-current with short lines, about 
250 metres long. The polarisation difficulties were overcome by making the electrodes 
neutral with respect to the soil, each electrode being a combination of electro-positive 
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and. electro-negative metals, the actual composition being found by trial and varying 
with the soil. The neutrality is not maintained indefinitely, and to avoid frequent removal 
and scraping of the electrodes, small separate electrodes of the positive and negative 
metals are sunk, and one or other of these is joined to the main as and when found neces¬ 
sary to correct for any small polarisation current that may develop. Such installations 
were set up at Colaba and Alibag, which are 5 and 25 miles respectively from the centre 
of the Bombay electric tramway network. Photograpic records of earth-currents show 
the leakage from this network; the oscillations are in excellent agreement with the 
voltage record at the power station. The range of the oscillations of the leakage current 
is about 110 micro-amperes at Colaba and only 5 at Alibag ; the reduction in range agrees 
roughly with that corresponding to laminar flow'. The disturbance produced in the 
magnetic registers agrees with the oscillatory magnetic force which such plane current 
sheets will produce. Besides the leakage currents, the earth-current records show the 
natural diurnal current variation, and disturbance currents during magnetic storms. 



The Observatory, Bombay ; 
September 12,1932. 
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Fig. 3. Declination magnetogram at Colaba. 
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Plate I. Showing the effect of leakage current from the 
electric railways on the earth-current records 
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Plate III. Diurnal variation of earth-current at Alibag. 

































HORIZONTAL FORCE 


VERTICAL FORCE 


Plate IV 


<SL 



OtroOtr /S 

4k Sm. 


UhJm. 

- __ | 

» 

— ancr-- 

Oh. Sm. 

1 L 


12 

Hrs. 

15 

18 


24 

3 6 

9 

Hrs. 


G.M.T. 



Plate IV. Showing the relationship between magnetic 
9 torms and current storms, at Alibag 
Oct. 18-19, 1928. 






























a Slip to “ Memoirs of the India Meteorological Department ”, Vol. XXVI, 

Part II. 


Reference. 

For 

Read. 

Page 15, line 24. 

2, 3, 4 Km 

2, 3 & 4 Km. 

Page 26, line 11 ..... 

Aravalli 

Aravallis. 

Page 26, Table 7, Heading 

Height in Km 

Height in Km above sea-level. 

Page 27, Table 7 (contd.), Heading . 

Ditto 

Ditto. 

Page 29, line 4. 

.... 

Delete “ (Cf. upper winds at 
Allahabad and Patna) ”. 

Page 30, Table 8, under station Neemuch, 
against date 21st July, in the last column 
“ Weather Remarks 

E to W 

Ely to Wly. 

Page 32, line 2 ..... 

come up that time 

come up by that time. 

Page 33, line 21. 

depression 

depressions. 

Page 35, line 8. 

4*5°C Km 

4-5°C/Km. 
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THE INDIAN SOUTHWEST MONSOON AND THE STRUCTURE OF 
DEPRESSIONS ASSOCIATED WITH IT. 

BY 

\ 

K. R. Ramanathan, M.A., D.Sc. 

AND 


K. P. Ramahrishnan, B.A. 

> 

(Received 8th November 1932.) 

Introduction. 

In a previous paper on the structure of two pre-xnonsoon storms in the Bay of Bengal 1 
one of the authors ancl Mr. H. C. Banerjee have shown that surface-heated continental 
air entering the north-west of the Bay of Bengal, when it meets monsoon air, forms a “ dry 
warm front ” at which the continental air ascends over the monsoon air in the lower 
layers. It was also pointed out that owing to the difference in the lapse-rate between 
the two air masses, the dry warm front would, at levels higher than 3 km., transform itself 
into a “ cold front ”. Strong winds, heavy swell and fierce rain-squalls are experienced 
before this fronjt within the monsoon air mass. 

In the present paper, the general upper air circulation before and during the south¬ 
west monsoon with the attendant distribution of temperatures in the free atmosphere 
as far as can be gathered from the available data is discussed, followed by an analysis of 
two storms of the monsoon period. The principal features of the analysis are the use made 
of upper winds in tracing the sources of air supply and of detailed rainfall charts to Eluci¬ 
date the nature of the “ fronts ”. The role of the old monsoon air, as compared with that 
of surface-heated continental air in the storms which form at the head of the Bay in this 
season, is brought out. 

A very good early summary of the mechanism of the south-west monsoon is con¬ 
tained in the Imperial Gazetteer of India, prepared out of material gathered by Sir John 
Eliot. 2 The subject has subsequently been discussed by various authors, notably by 
Simpson, 3 Harwood 4 * and recently Wagner. 6 Some aspects of the question have also been 
considered by S. C. Roy and A. K. Roy 6 and by H. C. Banerjee and one of us. 7 

According to Simpson, the primary cause of the monsoon is the relatively high tem¬ 
perature and correspondingly low pressure over the land in the northern hemisphere 
during the summer. The air in the South Indian Ocean, under the influence of the 


1 K. R. Ramanathan and H. C. Banerjee : Ind. Met. Dept. Sc. Notes, Yol. IV, No. 34, 1931. 

2 The Imperial Gazetteer of India : Vol. I, Ch. Ill, 1907. 

8 G. C. Simpson, “ The South-west Monsoon ” : Q. J. R. Met. Soc., Vol. 47, p. 151, 1921. 

4 W. A. Harwood, “ Upper air movement in the Indian Monsoons, etc.” : Mem. Ind. Met. Dept., Vol. XXIV, Part 8, 
p. 249, 1921. 

fi A. Wagner, Zur Aerologie des Indischen Monsuns : Ger. Beitr. z. Geopliy., Bd. 30, p. 196, 1931. 

4 S. C. Roy and A. K. Roy, “ Structure and Movement of Cyclones in the Indian Seas ”: Beitr. zur Physik der freien 
Atmosph., Bd. 16, p. 224, 1930. 

7 H. C. Banerjee and K. R. Ramanathan, “ Upper Air Circulation over India and the neighbourhood, etc.” ; Ind. Met. 
Dept. Sc. Notes, Vol. Ill, No. 21, 1930. 

(Memoirs of the India Met. Dept., Vol. XXVI, Part II.) 
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pressure distribution and of the rotation of the earth, moves to the north-west in the 
southern hemisphere and to the north-east in the northern. The moist air with its long 
sea-travel is caught by the mountain system of India and the rainfall is determined by the 
ranges of mountains in and around India. The small rainfall in the north-west of India is 
explained by Simpson as being due to the arrangement of the neighbouring mountains 
and the prevalence of a dry upper wind and the high temperature. Simpson does not 
discuss the depressions of the monsoon season and their importance as agencies res¬ 
ponsible for precipitation over a considerable part of the country. Harwood discusses 
the circulation in the upper levels and.the manner in which the air brought into India 
by the lower monsoon currents is disposed of. He concludes that of this air :— 

(a) “ Part crosses the Himalayas and the mountains of north-east India and is then 

lost sight of but may be presumed to continue as part of the circulation 

round the Asiatic ‘ low \ 

(b) Part rises and passes first westwards and then northwards round the western 

side of a high pressure area in the upper levels over north India. 

(c) Part rises and passes westwards, subsequently descending to rejoin the lower 

monsoon current over the Arabian Sea ; and 

(d) Part rises and passes first westwards and then southwards in the same way as 

the anti-monsoon postulated by Blanford and Eliot.” 

Ha'rwood does not consider the distribution of rainfall or the causes which give rise 
to it. 

Wagner, 6 in an important paper, has emphasised the view r that the south-west mon¬ 
soon represents a stationary system of cyclonic disturbances reaching up to the average 
height of the Himalayas between two air-masses, one continental belonging to the 
W. winds of the middle latitudes and the other maritime. He considers that the 
continental air is warmer than the monsoon air at the surface and up to 1 km. and colder 
above and that a considerable part of the monsoon precipitation in and south of the 
Glangetic plain is due to cyclonic convergence. Wagner’s stream-lines are drawn with 
mean wind data for the months June, July and August. For heights above 3 kms., the 
data of one single year, 1928, have been used for 13 stations. As Wagner himself points 
out, June cannot be considered a representative monsoon month for a considerable 
part of north India. The present paper contains a discussion of average monthly 
upper air stream-lines and temperatures before and during the monsoon * * and an 
analysis of tu r o typical monsoon depressions during the months June and July, 1930. 

We shall first examine the mean monthly stream-lines (at 1, 2, 3, 4, 6 and 8 km.) and 
isotherms (as far as can be made out from the available data) at different heights in the 
months May, June and July. 

SECTION I. 

Normal wind and temperature distribution in May, June and July. 

Wind-roses at a number of pilot balloon stations and approximate isobars at 0*5, 
1 , 2 and 3 km. have been published in the departmental Scientific Note, Vol. 1, No. 8. 
Up-to-date average upper wind velocities for different levels have also been recently cal¬ 
culated, utilising data at more stations—and the charts for May prepared with them are 
reproduced in Figures 1-6. In drawing conclusions, these average stream-lines should be 


* A. Wagner, hoc. cit. 

* A more detailed study of the mean monthly stream-lines and the general circulation in the Indian area is in progress. 
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considered along with charts of wind-roses both of pilot balloon winds and of cloud move¬ 
ment. They bring out the following facts :— 

May. 

At 0*5 and 1 km. the winds are westerly to north-westerly over most of the Arabian 
Sea and the whole of India west of a line running from Cape Camorin to between Allahabad 
and Patna ; east of this line the winds are westerly to south-westerly. While over the 
north Indian plains, the air is surface-heated continental air, further south it should be 
considered as maritime continental air, the length of sea travel increasing both in the 
Arabian Sea and the Bay of Bengal with decrease of latitude and increase of longitude. 
At 2 km. the north-westerly continental current extends much further towards the south¬ 
east, the line of separation between continental and maritime air lying now in the Bay of 
Bengal between east Ceylon and south of the Pegu Coast in Burma. Although the mean 
wind at Port Blair is weak, this is due more to the variability of the wind direction than to 
general weakness of wind, both westerlies to south-westerlies and easterlies and south- 
easterlies being common. The region of separation of continental and maritime air at 
2 km. coincides more or less with the region where storms originate or strengthen in the 
Bay of Bengal. 8 The maritime air pushes itself farthest northwards in the east of the 
Bay of Bengal. The normal winds at 2, 3, 4 and 6 km. indicate that while the continental 
air at 3 km. pushes itself further southward than at 2 km., at 4 and 6 km. it is pushed 
backward towards the north by maritime air. This is in agreement with the scheme 
sketched out in Fig. 27 of “ Scientific Notes ”, Vol. IV, No. 34. 

Some light is thrown on the mechanism of the change of wind with height by con¬ 
sidering the distribution of temperature in the upper air. In Figs. 19-21 are shown the 
monthly mean temperatures at 2, 3, 4 km. in May, June and July at a number of stations, 
the values being based on results of sounding balloon ascents, aeroplane ascents and 
mountain observations. Sounding balloon ascents were made at about the time of sun¬ 
set, aeroplane data refer to forenoon hours (9 to 12 hours) and mountain observations to 
8 hours local time. The number of observations and period over which they extend 
are also different. The isotherms that have been drawn can therefore be considered 
only as tentative. They have, however, an internal consistency which justifies our draw¬ 
ing genera] conclusions. In May the isotherms at 2 km. have a great similarity to the 
isotherms at the surface. At 3 km. there seems to be little difference of temperature 
between the different parts of India with the possible exception that N. E. India may be 
slightly cooler by 1° or 2°. The southing of winds in the Bay of Bengal, Burma and 
N. E. India is obviously due to the low pressure at the surface in the Deccan and the 
central parts of the country caused by the heating of the land area. The marked change 
in the wind circulation at 2 and 3 km. compared with that at 1 km. indicates a greater 
decrease of pressure with height and a correspondingly lower temperature in the Bay 
than in the Peninsula and the corresponding northward extension of maritime air in the 
Bay of Bengal above 2 km. is therefore a consequence primarily of the differential heat¬ 
ing of the Peninsula and the Bay. 

June. 

The main points of difference in the wind system of June (Figs. 7-12) at 1 and 2 km. 
as compared with that of May are the more marked westing and strengthening of winds 

8 °- W. B. Normand, “ Storm Tracks in the Bay of Bengal ”, Ind. Met. Dept., 1925. 
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in the Arabian Sea and the Peninsula and their increased southing and strengthening in 
the Bay of Bengal and Burma. The approximate line of meeting of surface-heated land 
air and of fresh sea air at 2 km. in the Bay of Bengal has naturally got shifted northwards 
and the Arakan hills have exerted their influence in rendering the line of discontinuity in 
the Bay nearly south to north. The weakness of wind at Aden at this level with the 
contrasted winds at 1 and 3 km. indicates a level of transition at about 2 km. At 3 km. 
the winds in South India and the Bay of Bengal have weakened and those in the north 
of the Peninsula, on the Mekran Coast and at Aden have acquired a more northerly cha¬ 
racter. While caution is necessary in interpreting the former result as there will be a 
tendency to miss out days of stronger wind owing to the absence of pilot balloon informa¬ 
tion, w T e may be practically certain about the latter, as a comparison cf the number of 
observations will show. The winds at 4 km. are more or less similar to those at 3 km. 
and both of these show that the winds of northerly origin overspread those of more 
southerly origin in the middle of the Peninsula. The winds at 6 km. are very weak in the 
south of the Peninsula and have no defined direction. This is also borne out by observa¬ 
tions of middle cloud. The advance of southerly to south-easterly current in Bengal at 
6 km. over the north-westerly current at 4 km. shows that the former stream now behaves 
as warmer air. The resultant movement, however, is weak. At 8 km. the general upper 
easterly circulation has set in over the south and the ridge of high pressure separating the 
easterly and westerly circulations now lies over a latitude of about 22° North showing a 
northward shift of more than 10° since May. It will be noticed that except for the first 
2 km. the winds in the Arabian Sea are from a northerly direction, those in Burma and 
a great part of the Bay of Bengal are from the south. 

Considering the distribution of temperature, while in May at 2 km. the decrease of 
temperature towards the north persists in the Gangetic Valley, the gradient being roughly 
perpendicular to the Himalayas, it has become much weaker in June {Fig. 20). The 
region of highest temperature lias also got shifted from the central parts of the country 
north-westwards to Rajputana and Sind. The horizontal temperature gradients at 2 km. 
have become generally weaker. The level of approximate equality of temperature 
in different parts of the country is in this month at about 4 km. 

July. 

As representing conditions at the time when India is under the full sway of the mon¬ 
soon, the distribution of winds and temperature in July are particularly interesting 
{Figs. 13-18). 

The main point of difference in the wind systems at 1 and 2 km. between June and 
July is the incursion of south-easterly winds in the Gangetic Valley right up to the Punjab 
Hills. With the turning round of the maritime winds along the Himalayas towards 
the north-west the continental air sector at 2 km. becomes very much restricted in area 
and in the region between Gujarat and Orissa to some extent loses its individuality owing 
to the supply of moisture from below and sideways from both south and north-east; it 
becomes the mixed monsoon air of S. C. Roy and A. K. Roy. The southern boundary 
of this region is extremely indefinite.* Pure continental air exists only to the west of 
Rajputana. It is worthy of note that the wind at Aden is in this month from the west- 


* Wagner says that the surface of separation between the continental air and the SW monsoon air is sharply pronounced 
at 2 and 3 km. This difference is due to his averaging the data for June, July and August. 
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south-west unlike the weak north-easterly of the previous month. At 3 and 4 km. “ the 
-continental air ” has spread over a larger area in the Peninsula. In the south of the 
Peninsula the air is probably purely of maritime origin but in the middle of the Penin¬ 
sula, there should be a high frequency of occasions when the air at these levels is of conti¬ 
nental origin. Comparing the wind directions at the pilot balloon stations in Baluchis¬ 
tan, Persia and Arabia at 2, 3 and 4 km. it appears that the continental air pushes farthest 
into the Arabian Sea at 3 km. 

Even at 4 km. the air supply over the north and west Arabian Sea has begun to be 
replenished by air over the Gangetic Valley, while at 6 km. the easterlies are in full sway 
over North India and the winds are very weak in the Peninsula. The contrast of condi¬ 
tions at 6 km. between June and July is very striking, the line of separation between 
continental and maritime air which lay over the north Bay of Bengal having been dis¬ 
placed to the Punjab and Kashmir. At 8 km. the system of circulation has again 
assumed a simple form similar to that in June, but with the high pressure ridge 
displaced northwards by another 8°. 

The upper air temperatures {Fig. 21) show that-the region of highest temperature at 
2 and 3 km. is now Baluchistan and Persia. The air over South India is definitely cooler 
than that over North India as will be seen from a comparison of temperatures at Agra, 
Hyderabad and Kodaikanal. This is shown more conspicuously by the mean monthly 
tephigrams and dew-point temperature diagrams for July of the air over Hyderabad 
and Agra obtained from results of sounding balloon ascents {Fig. 22). The upper air data 
of individual days also, whenever they are available, bear this out. 

The increase of temperature of the air in going from the Peninsula to North India is 
due to the following causes. When the moist air reaches the Western Ghats as a cold air 
mass at the surface orographic precipitation results, causing an increase of temperature 
above the low-cloud level and a decrease below. The Deccan Tableland which is swept 
by the westerly subsiding winds is generally free from heavy rain and the air, even right 
down to the surface, gets warmed by insolation. On entering the Bay of Bengal, more 
moisture is picked up and with renewed precipitation on the Burmese Coast the upper air 
gets warmed up further. The easterly current over the Gangetic Plain is, above (» km., 
part of the general easterly circulation, but this stream is fed from the south by air rising 
over the Bay and Burma and by a similar addition from the east by the air rising over 
the region of the Chinese monsoon. Absorption of solar radiation by the water vapour 
in the atmosphere with the long hours of sunshine and the sun practically overhead at 
noon is also an important cause of increasing the temperature. While the easterly cur¬ 
rent is generally not fully saturated, it has a larger amount of moisture throughout its 
thickness, and owing to the high temperature, the absolute amount of moisture held is 
large. Old monsoon air may therefore be expected to behave as a warm air mass when 
compared with fresh monsoon air. 

It will also show a similar behaviour towards-surface-heated continental air above 
a level which may vary from 2 to 4 km. 

SECTION H. 

We shall now examine in some detail the air movement and precipitation connected 
with two depressions during the monsoon of 1930. Short general descriptions of these 
have been published in Part C of the India Weather Review- for 1930. 
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It may be mentioned at the outset that the upper air trajectories at different levels 
have been drawn with the aid of winds obtained from pilot balloon observations. The 
observations are made twice daily, once in the morning and once in the afternoon at North 
Indian Stations and only in the morning at stations in the Deccan. In times of disturbed 
weather, however, single flight stations also take two observations a day. The trajec¬ 
tories have been drawn giving due consideration to the general wind field. It has been 
assumed that the level of the air does not change during its travel; this is obviously not 
correct, but owing to the absence of data which will enable us to fix the isentropic surfaces' 
no better method is available. 


The depression during the period 27th June to 4th July, 1930. 

The upper winds over the Indian area on the morning of the 27th June 1930 had a 
remarkably simple structure. In the Indian Peninsula, approximately south of latitude 
21°, the winds were westerly up to at least 3 km., while north of this latitude they were 
practically easterly over most of north India and the Mekran Coast. On the Arakan 
Coast in Burma, the winds were south-south-easterly to south-easterly up to 2 km. and 
tended to become easterly at higher levels. The winds at 1, 2 and 3 km. are shown in 
Figure 23. 

The following points are noteworthy :— 

(1) At 1 km. the wind at Rangoon is WSW, while at Akyab and Chittagong 

it is SSE. This is due to the Arakan Yomas and the Chin Hills deflecting 
the westerly current northward. There is a similar though weaker tendency 
at Ahmedabad, due to the effect of the Central Indian plateau and the 
Aravalli hills. 

(2) In Gujarat, Sind and the Mekran Coasts the strength of the easterly winds 

generally increased with height up to 6 km. The easterly current at Agra 
extended up to 20 km. 

This system of wind circulation was associated with abnormal excess of pressure 
north of a line running approximately from Lat. 25° N., Long. 65° E. to Lat. 17° N., Long. 
95° E. 

Ships’ observations in the Arabian Sea show that on the 27th morning strong south¬ 
westerly or west-south-westerly winds extended up to about 20° N. 

An extraordinary strengthening of upper winds took place in the Deccan between 
the 26th and the 27th. This is well brought out from the wind data of Hyderabad. 


Table 1. 


Date and time. 


Height above sea level in km. 

1*j0 

1-5 

2-0 

2-5 

30 

4-0 

5*0 

26th June, 1930 (07-13) 

Direction 

265° 

290° 

290° 

315° 

335° 

290° 

295° 


Vel. m. p. s. 

130 

140 

10-5* 

30 

2-0 

5*0 

6-0 

27th June, 1930 (06-55) 

Direction 

260° 

265° 

280° 

280° 

280° 

•• 

•• 


Vel. m. p. s. 

19-5 

18-5 

18-0 

15-5 

14-5 

•• 

•• 
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Directions are in degrees from north in a clock-wise direction and velocities in metres 
per second. 

This rapid strengthening of wind produced a short-lived shallow low-pressure area 
between the Satpuras and the Vindhyas near Latitude 22° N., Long. 76° E. and a ridge of 
high pressure down the Peninsula. All along the line of separation of westerly and easterly 
wind-systems, there was this tendency for the formation of cyclonic vortices, but further 
development took place in places where orographical features were favourable for the 
continuous creation of cyclonic vorticity and contrasted air masses could converge. The 
morning weather chart of 28th June 1930 shows the development of a low pressure area 
in the north-east corner of the Arabian Sea off Kathiawar {Fig. 24a). (In these weather 
charts, winds over land at 0*5 km. above sea level obtained from pilot balloon ascents 
are shown by full-lined arrows.) Surface winds over the sea and high level stations are 
also shown by continuous arrows, and those at ground level (at a few representative sta¬ 
tions) by discontinuous ones. From Fig. 24a and the accompanying chart of upper air 
trajectories (Fig. 24b) it will be seen that while at 1 km. the south-westerly winds were 
deflected northwards and then westwards into Gujarat, lower Sind and the Mekran Coast, 
winds at 2 km. and above over Karachi and Gwador had a northerly land origin. The 
upper winds at Karachi and Gwador on the morning of 
Table 2. 

Table 2. 


28th June 1930 are given in 


Place. 

Date and time. 


Height in km. above sea level. 

0-5 

DO 

D5 

2-0 

2-5 

30 

Karachi . 

28th June, 1930 (06-23) 

Direction 

70 

105 

110 

95 

80 

70 



Vel. m. p. s. . 

5-5 

5-0 

9-0 

130 

13-5 

150 

Gwador 

28th June, 1930 (07-09) 

Direction 

185 

80 

300 

35 

40 

35 



Vel. m. p. s. . 

4-0 

9-0 

90 

130 

20-0 

24-0 


The surface temperatures at Karachi and in Gujarat were of the order of 84° F. while 
further north in north-west India, they varied from 94° to 100° F. The over-running of 
the moist south-westerly winds by the drier and w-armer (at the surface) land air such as 
is indicated by the backing of the winds at Karachi and Gwador can only lead to a strong 
inversion of the type usually observed at Karachi in this season. It is only when the 
monsoon air is sufficiently thick that the difference of lapse rates between the monsoon air 
and the dry land air can lead to the disappearance of the inversion and, under favourable 
conditions of air movement, cause instability. 

The southward deflection of air currents at 1 and 2 km. at Sambalpur and Waltair 
is a necessary consequence of the northward forced movement of air on the Burma Coast. 
In Fig. 24b is also given the areas of general rainfall during the next 24 hours. In deter¬ 
mining these areas, use has been made of the rainfall data of all raingauge stations* in the 
country. Areas which had a general rainfall of 4" and over in 24 hours are shaded black, 
those with rainfall between 2" and 4" by vertical hatching and those with falls between 
2" and 0‘5" by dots. Areas with scattered light falls have not been marked. The 


* There are about 3,300 stations in India and Burma registering rainfall. 
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moderately heavy rainfall during the next 24 hours was confined to the coastal strip 
on the west coast of the Peninsula and to a small area on the Orissa coast. Rainfall was 
practically confined to south of Lat. 24° N. The two regions of comparative freedom 
from rainfall, one in the west Central Provinces and the other in west Bengal and 
Orissa, were regions of divergence. Places which reported thunder or lightning are 
also marked in the figure. 

On the 29th morning, the Arabian Sea depression had moved north-westwards and 
another depression had also developed in the Bay of Bengal near Lat. 19° N., Long. 86f° E. 
{Fig. 25a). The simple upper wind system of the 27th morning had become very much 
disturbed. The principal new feature was an incursion of northerly to north-westerly 
upper winds in the North-West Frontier Province and the Punjab. In connection with 
the Bay depression the transitional zone between about Lat. 19° N., Long. 86° E. and Lat. 
23° N., Long. 80° E., was being contracted to a front, the thickness of the current from 
the Arabian Sea increasing with decrease of latitude. At this front, the north-easterly 
deflected or old monsoon air was meeting the westerly to north-westerly Arabian Sea 
monsoon current broadside on. The upper winds at Jubbulpore and the rainfall during 
the next 24 hours {Fig. 25b) shoAv that at this place the old monsoon air at 2 to 4 km. 
was passing over fresh monsoon air. The area of heavy rainfall on the Northern Circars 
and Orissa Coast was due to convergence of the very fast monsoon current with 
the northerly deflected monsoon current, aided by the action of the hills near the Circars 
Coast in stemming the main monsoon current, lit will be noticed that there was a patch 
of precipitation in Rajputana on. and to the west of the Aravallis which was obviously due 
to the deflected Arabian Sea current overrun by easterly winds. A new feature is the area 
of precipitation in the south-east Punjab and the west United Provinces with locally 
heavy falls. The trajectories show that this was due to the obstruction set up against 
the easterly current by a north-westerly and northerly current in the Punjab which was 
specially marked at 2 to 4 km. and whose onset should be considered as induced by the 
rapid deflection of the easterly current round the low pressure areas in the Bay of Bengal 
and the Arabian Sea. Practically all rainfall north of Lat. 20° N. was attended with 
thunder or lightning. 

On the 30th morning, the storm in the Bay had concentrated without any appreciable 
movement (Figs. 26a and 26b) i The up-glide surface associated with it shows little dis¬ 
placement since the previous morning. Some extracts from the logs of S. S. Badar- 
pur and S. S. Mathura are reproduced in Tables 3 and 4 below, which show that the front 
extended out to sea and that no particularly severe weather was experienced near the 
centre of low pressure. They also show clearly the nature of weather experienced in the 
neighbourhood of such a frovit. 


Table 3. 



<SL 


Log of S. S. Badarpur. 


Time 

(Hrs.) 

Lat. 

(N.) 

Long. 

(E.) 

Bar. 

(Inches.) 

Air Temp. 
(°F.) 

Cloud. 

Wind 

(Beaufort scale). 

Weather Remarks. 

4 

O 

14 

/ 

05 

o 

81 

/ 

31 

29-58 

82 

St 10 

wsw 

3 

Overcast with drizzling rain. 

8 

14 

38 

82 

07 

•60 

83 

St 10 

WNW 

5 

Overcast. 

12 

15 

12 

82 

43 

•55 

83 

St 10 

WNW 

6 

Overcast with frequent light rain squalls. 

16 

15 

46 

83 

19 

•43 

80 

Nb 10 

W/N 

6/7 

Hard squalls with light rain but clear in¬ 











tervals. 

20 

16 

20 

83 

55 

•40 

82 

St 10 

W 

7 

Fierce squalls with heavy rain but clear 











intervals. 








Ci-St 1 




24 

16 

54 

84 

31 

•35 

81 

St >10 

w/s 

7 

Frequent fierce squalls getting harder and 








Nb J 



intervals decreasing. No rain or light¬ 
ning. 

4 

17 

28 

85 

07 

•25 

80 

& } 10 

wsw 

8 

Squalls almost continuous. Wind increas¬ 









/ 

i 

ing to gale force. Some light rain in 
squalls but horizon clear in intervals. 

8 

18 

01 

85 

43 

•24 

80 

Do. 

sw/w 

6 

Similar weather continued till 06-30 when 











the first heavy rain fell during a squall. 
Heavy rain continued but wind ceased 











off a bit. 

10 







Ci-Cu "I 








•18 

81 

Nb U 

sw/w 

6 

Frequent heavy rain continued, but squalls 








St J 



less frequent. Small patches of blue 
sky appeared at 10. 

' 


Date. 


29th June, 1930 . 


30th June, 1930 . 


bo 
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Table 3 —contd. 


Log of S. S. Badarpur. 


Date. 

Time 

(Hre.) 

Lat. 

(N.) 

Long. 

(E.) 

Bar. 

(Inches.) 

Air Temp. 
(°F.) 

Cloud. 

Wind. 

(Beaufort scale). 

Weather Remarks. 

30th June, 1930 

12 

O / 

18 35 

o / 

86 19 

29-16 

81 

Ci-Cul 



♦ ■ 

— contd. 






S-Cu |-10 

sw 

6 

10-30 to 11-45 continuous and heavy rain. 







St-NbJ 


- 

12-00 sky clearing. 


14 

. . 

. . 

•14 

82 

Ci-Cu'i 7/ 
St-Cu j 

sw 

6 

Occasional light rain showers. Weather 










rapidly clearing and becoming fine and 










clear, but barometer still falling. 



t 




Ci-Cu'l 





17 

. . 

• • 

•14 

84 

Nb >6 

s 

5/4 

Short hard rain squall at 17 hours. Pass¬ 







Cu J 



ing showers before. 


18 



•17 

83 

• • 

SSE 

4 

Fine and clear. 


20 

18 44 

87 22 

•22 

83 

Cu-Nb\ , 
Nb-S J 5 

SE 

6 

Sky clear overhead but heavy rain lying 










down southward. 


The ship must have passed nearest the centre at about 10 hours on the 30th. Note the mildness of weather on the eastern and northern sides and 
absence of thunder or lightning even on the night of the 29th. The transition from south-westerly to south-easterly wind was rapid and although 
attended with a short rain squall, was not attended with very severe weather. Between 20 and 24 hours it was fine and clear with occasional light rain 
squalls. 
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Table 4. 




Log of S. S. Mathura. 


Date. 

Time. 

(Hrs.) 

Lat. 

(N.) 

Long. 

(E.) 

Bar. 

(Inches.) 

Air Temp. 

m 

Wind 

(Beaufort scale). 

Weather Remarks. 




O 

/ 

o 

/ 






30th June, 1930 . 

• 

8 

17 

21 

84 

54 

29-30 

80 

w/s 

6 

Heavy rain. 



12 

17 

56 

85 

34 

•21 

81 

wsw 

6/7 

Rain squalls. 



14 

18 

18 

85 

56 

•10 

81 

ssw 

5 




15 

18 

29 

86 

08 

•07 

82 

NW/N 

3 




16 

18 

37 

86 

16 

•07 

82 

N 

3 




17 

18 

45 

86 

24 

•05 

84 

SW 

2 




18 

18 

53 

86 

32 

•07 

84 

sw 

3 




20 

19 

08 

86 

48 

•13 

' 83 

E 

4 

Dull. 



22 

19 

32 

87 

02 

•23 

83 

ESE 

5 




24 

20 

06 

87 

13 

•20 

83 

SE 

5 

Frequent rain squalls. 


The ship passed very near the centre of the storm at about 17 hours. Note the increase of temperature near the “ calm ” centre and the heavy rain 
in the south-west. 
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The upper air trajectories in Fig. 26b show that at this £< warm ” front, the partici¬ 
pating air masses were the fresh monsoon air and deflected monsoon air mixed with air 
from Siam and Indo-China. The directions of the air currents, the variation of wind 
with height at Jubbulpore and the distribution of rainfall during the next 24 hours all 
bear out this conclusion. At such a surface, with the orientation existing at 8 hours on 
30th June 1930 the warm air will, as is well-known, be accelerated north-westwards and the 
cold air south-eastwards. Naturally, the tendency will be for the depression to move 
north-westwards. The heavy rainfall area from Raipur to Calingapatam can with confi¬ 
dence be extended out to sea up to Lat. 18|° N., Long. 86° E. Jubbulpore and Waltair 
winds are given below in Table 5. 


Table 5. 


Place, date and time. 


Height above sea-level. 

Jubbulpore. 


0-6 km. 

0*9 km. 

1*5 km. 

2*0 km. 

3*0 km. 

4*0 km. 

4-5 km.- 

30th June 1030 (08-43) . 

Direction 

285° 

335° 

o 

O 

65° 

80° 

66° 

60® 


Vel. m. p. s. 

6-0 

60 

5-0 

6*5 

12*0 

12*5 

[130 

Waltair. 


0*5 km. 

1*0 km. 

1*5 km. 





30th June 1930 (08-41) . 

Direction 

270° 

310° 

1 

CO 

•• 

•• 

•• 

•® 


Vel. m. p. s. . 

130 

9*0 

11*5 

•• 

• • 

•• 

•* 


The upper air trajectories also make it clear that the heavy rainfall on the Gujarat 
Coast was due to the deflected monsoon air rising over the fresh monsoon air from the 
Arabian Sea. It may be noted that the latitude at which heavy rainfall commenced on 
the Arabian Sea Coast was about the same as that at which it ended in the east Central 
Provinces. On the morning of the 1st July, the Arabian Sea depression had entered land 
and was being dissipated (Fig. 27a) ; this helped to divert the monsoon air that was feeding 
into this depression to flow eastward. In Fig. 27b is also drawn with the help of pilot 
balloon winds and movements of low clouds, the line of separation at 2 km. between 
the Arabian Sea monsoon air and the deflected monsoon air. The position of this fine 
with respect to the area of heavy rainfall during the next 24 hours shows that the rainfall 
was mainly in the fresh monsoon air sector. The importance of convergence of deep 
fresh monsoon air and old monsoon air for producing heavy and extensive precipitation 
is again evident. The entry of old monsoon air up to 2 km. on the Mekran Coast with 
pure continental air above caused extension of precipitation into that area. 

The surface chart on 2nd July 1930 (Fig. 28a ) shows an interposition of a north¬ 
westerly current between the north-easterly deflected monsoon current and the westerly 
fresh monsoon current. The deflected monsoon air was ascending over the intervening 
shallow north-westerly air and as is evident from Fig. 28b heavy precipitation began 
where the fresh monsoon air of sufficient thickness (more than 2 km.) was encountered. 
The low cloud directions at Neemuch, Hoshangabad, Amraoti and Jagdalpur were westerly 
while at Saugor and Raipur, they were northerly. At Chanda, it was southerly. Sur¬ 
face temperatures were lowest in the region of westerly currents. It is noteworthy that 
-v-tjie north-easterly current at Sambalpur (Lat. 21° 28' N., Long. 84° 01' E.) did not cause 
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heavy rainfall further south-west where it met the monsoon current; this was due to the 
facts (1) that the fresh monsoon current was deflected south-eastwards owing to the 
action of the front between Hoshangabad and Chanda and could not therefore form an 
effective obstacle in the path of the north-easterly deflected monsoon current and (2) 
that the Arabian Sea current had already had its moisture decreased in its lower layers 
and increased in its upper layers owing to the heavy rainfall within it on the previous 
day and had thus become similar in properties to old monsoon air. The effect of the front 
is well seen in the pilot balloon winds at Hyderabad and Waltair which were very strong 
WNW to NW at 1-5 and 2 km. Table 6. 


Table 6. 


Place, date and time. 


Height above sea-level in km. 


0-5 

10 

1-6 

2-0 

2-5 

Hyderabad. 







2nd July, 1930 (07-20) 

Direction 

•• 

215 

295 

300 

•• 

Waltair. 

Vel. m. p. 8. . 

•• 

220 

27-0 

30-0 

•• 

2nd July, 1930 (14-50) 

Direction 

265 

270 

290 

300 

305 


Vel. m. p. s. . 

150 

120 

21-5 

170 

230 


The air from Bengal having been deflected south-westward, NW Indian air began 
to be drawn in above 2 km. into Kajputana and Central India as shown by the upper 
wind trajectories at Ajmer and Agra {Big. 28b). Comparison of the heavy rainfall chart 
with a contour map shows that the very heavy rainfall in the Central Provinces was con¬ 
centrated in the Narbada Valley and in the Purna and Wardha valleys respectively. The 
divergence of south-westerly winds in north Bombay and Gujarat, one branch going up 
the Narbada valley and the other to the angle formed between the Aravallis and the west 
Central Indian Hills, is of frequent occurrence during the monsoon; the heavy rainfall 
area in Central India was due to the convergence of the south-westerly and northerly 
winds at the Central Indian Hills. In the surface chart of 3rd July 1930 {Fig. 29a), the 
temperature of air at the surface reduced to sea level assuming a uniform lapse-rate of 
6° C. per km. has also been shown, as an example. The higher temperature of the north¬ 
easterly air and the marked cooling of the shallow north-westerly current within the area 
of rainfall are evident. The double branch of the area of heavy rainfall during the next 24 
hours {Fig. 29b) is accounted for by the influence of the Aravallis and Central Indian 
Hills in promoting convergence and deflecting the monsoon current. Owing to the 
absence of upper wind information, it is not possible to be definite about what took place 
at the heavy rainfall area in Gujarat, but presumably a moist surface layer not less than 
2 km. thick had superposed on it drier north-westerly air at 3 and 4 km. and higher still 
north-easterly old monsoon air. Limited instability between the top of the fresh mon¬ 
soon air and bottom of the old monsoon air would then occur, the source of supply of 
moisture for the heavy rainfall being mainly the fresh monsoon air at 
low temperatures of both dry and wet bulbs at the surface after rainfall 
by mixing with air of less specific humidity at levels above 2 km. 


the surface. # Tbe 



stf) 0 
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On the 4th morning, the low pressure area was diffuse with centre between Jhansi 
and Gwalior (Fig. 30). The front between the fresh monsoon air and deflected monsoon 
air had disappeared. By next morning the depression had become still more diffuse and 
moved north-eastwards between Mainpuri and Cawnpore where it broke up. It is not, 
however, necessary to pursue the matter further. The distribution of reduced wet bulb 
temperature (reduced to mean sea level on the assumption that it follows the curve of 
saturation adiabatic) : — Fig. 31 —shows that the old monsoon air had a greater heat con¬ 
tent at the surface. 

SECTION in. 

The depression of the period 13th to 23rd July, 1930. 

Following the decay of the monsoon depression on the eastern side of the Aravalli 
between the 10th and the 11th July 1930, practically the whole of the Deccan became 
filled with air of continental origin at 2 and 3 km. on the 13th (Fig. 32). As Upper Burma 
and north-east India were also under the influence of westerly winds of either land origin 
or air which though originally coming from the sea had for some days lain over land, the 
rainfall over the country was confined to afternoon instability showers usually attended 
with thunder. The only exceptions were the Arakan and Pegu Coasts in Burma where 
maritime winds of 2 to 3 km. thickness were causing moderately heavy precipitation 
along the coastal strip. The same figure shows the areas of general rainfall during the 
next 24 hours. 

14th July, 1930. 

On the morning of the 14th the upper wind directions above 2 km. at Madras, Hydera¬ 
bad and Waltair showed a marked change from some north-westerly to a westerly or west- 
south-westerly direction. The following table gives the directions and velocities of upper 
winds at Madras, Hyderabad and Waltair on the dates 13th to 17th. 


Table 7. 


Date. 

Time. 


Height in km. 

0*5 

1-0 

2-0 

3-0 

4-0 

5-0 

6-0 

Madras. 

Hts. 









13th July, 1930 

07 14 

Direction 

280 

325 

315 

330 

305 

.. 

.» 



Vel. m. p. s. . 

10-5 

6-5 

4-5 

6-5 

4-5 

.. 

.. 

14th July, 1930 

07 53 

Direction 

285 

305 

260 

255 

225 

250 

240 



Vel. m. p. s. . 

10-0 

7-0 

6-5 

6-5 

6-0 

5-0 

7*0 

15th July, 1930 

07 21 

Direction \ 

280 

300 

270 

270 

.. 

.. 

.. 

- 


Vel. m. p. s. . 

6-5 

8*6 

6-5 

9-5 

.. 

.. 

.. 

16th July, 1930 

07 58 

Direction 

275 

295 

290 

280 

280 

.. 

... 



Vel. m. p. s. • 

120 

140 

7-5 

11-0 

110 


.. 

17th July, 1930 

07 45 

Direction 

260 

275 

300 

295 


.. 

.. 



Vel. m. p. s. • 

17-0 

19-5 

10*5 

9-0 

•• 

•• 

•• 
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Table 7 — contd. 


Date. 

Time. 


Height in km. 


1*0 

2*0 

30 

4*0 

5*0 

6*0 

Hyderabad. 

Hrs. 


(0-76 km.) 







13th July, 1930 

07 17 

Direction 

295 

310 

310 

•• 


•• 




Vel. m. p. s. . 

13-5 

15-0 

12-5 

•• 


•• 


14th July, 1930 

07 47 

Direction 

280 

290 

285 

250 






Yel. m. p. s. . 

7-0 

11-5 

11-5 

10-5 




15th July, 1930 

07 34 

Direction 

280 

295 

295 

280 






Vel. m. p. s. . 

110 

140 

140 

100 




16th July, 1930 

07 28 

Direction 

270 

270 

290 

290 






Vel. m. p. s. . 

140 

150 

21-5 

16-5 




17th July, 1930 

08 39 

Direction 

255 

260 

•• 

•• 






Vel. m. p. s. . 

11*5 

14-5 

• • 

• • 




Wallair. 

Hrs. 


(0-5 km.) 







13th July, 1930 

07 26 

Direction 

280 

320 

305 

300 

•• 





Vel. m. p. s. . 

6-0 

70 

12Q 

140 

•• 



14th July, 1930 

14 40 

Direction 

260 

285 

295 

270 

270 





Vel. m. p. s. . 

6*0 

8-0 

170 

15-5 

14-0 



16th July, 1930 

14 52 

Direction 

260 

280 

275 

275 






Vel. m. p. s. . 

80 

100 

19-0 

90 




16th July, 1930 

15 04 

Direction 

270 

290 

295 

295 






Vel. m. p. s. . 

110 

15-5 

170 

140 




17th July, 1930 

14 52 

Direction 

270 

280 

295 

•• 






Vel. m. p. s. . 

13-5 

120 

22-0 

• • 
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ingly evident that there was a strong horizontal velocity gradient off the Arakan Coast 
favourable for the formation of a cyclonic vortex. Figures 33a and 33b also show that 
the region of rain and squalls in the Bay was where the accelerated air, south-westerly 
at the surface and westerly above, was flowing into an area previously filled with old mon¬ 
soon air. It is instructive to note that there was not any large rainfall on the west coast 
of India on any day from the 9th to the 14th, and that although on the 14th the direction 
of the north-westerly air overrunning the Deccan changed to west or west-south-west, 
the trajectories do not suggest particularly low latitudes as origin for these currents. 

15th July, 1930. 

On the morning of this day, the area ot squally weather had moved northward (Fig. 
34a) and the monsoon air had begun to feed into the low over the head of the Bay. The 
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trajectories at 2 km. of this day’s morning (Fig. 34b) and of the previous two days show 
that the monsoon air was still meeting old monsoon air which had been for many days in 
regions where instability showers were of daily occurrence. Air from Assam and Upper 
Burma was being drawn in as can be seen from the trajectories of air at 2 and 3 km. at 
Patna and Dacca. The monsoon air was definitely cooler at the surface. A remarkable 
change happened in the upper winds of North-West India between the morning and the 
afternoon of the 15th. The winds at 2, 3 and 4 kms. which were weak and southerly in 
Kajputana and the west United Provinces became westerly and increased in strength. 
The distribution of rainfall recorded on the 16th morning and shown in Fig. 34b shows 
heavy falls on the Arakan Coast. Though the rainfall was frontal in character, it was 
very much influenced by orography. This is also true of the rainfall distribution in Orissa 
and Bihar. 

16th July, 1930. 

With the forced north-westerly movement of the moist air of the monsoon parallel to 
the Arakan Hills the depression intensified into a storm and on the morning of the 16th 
its centre lay a few miles north of Cox’s Bazaar. The worst weather in the Bay was 
experienced to the south of the front marked in Fig. 35a. Continuous heavy rainfall 
occurred in the neighbourhood of the storm centre and preceded it as the monsoon current 
moved north-westwards under the influence of the Chin and Lushai Hills. There was 
also fairly concentrated heavy rainfall to the east of the Chota Nagpur Hills attended 
with thunder. The scattered nature of this heavy rainfall and the fact that the 2 km. 
wind supply at Dacca and Calcutta on the morning of the 16th were from Upper Burma 
travelling comparatively slowly, Fig. 35b, show that the falls in south-west and Central 
Bengal were not due to fresh monsoon air being brought in, but rather due to old mon¬ 
soon air at 2 km. and above moving southward over a moister layer of local origin. It 
will be noticed that upper air from NW India had not begun to take part in the depres¬ 
sion. Further west in the United Provinces and the Central Provinces, air at lower levels 
from the North Arabian Sea was meeting old air and causing moderately heavy precipita¬ 
tion attended with thunderstorms. 

At 8 hours on the 16th, surface temperatures in the monsoon sector in the Bay and in 
Burma Coast were of the order of 78—80° F., in south Bengal 82° F. and in north Bengal 
88° F. 

17th July, 1930. 

So far, the rainfall in Bengal was due to the overrunning of the normally moist surface 
layers of south Bengal by the north-easterly old monsoon air from north Burma and Assam. 
With the advent of a fresh air stream from the Bay of Bengal parallel to the Chin and 
Lushai Hills, the old monsoon air had an opportunity of meeting fresh monsoon air further 
to the north-east and the trajectories and rainfall drawn in Fig. 36b show how the heavy 
rainfall occurred within the monsoon air sector where the upper old monsoon air had the 
first opportunity of climbing it. This is a feature repeatedly made evident by these 
charts. 

The persistent occurrence of heavy rainfall in the plains of SW Bengal to the east 
of the Orissa Hills is a consequence of orography w'hich is well worthy of note. 
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18th July, 1930. 

Both on the 17th and the 18th, three more or less distinct sectors can be recognised, 
(1) Monsoon Air Sector, (2) Assam Air Sector and (3) North-Westerly Air Sector. Of 
these (2) and (3) had little contrast {cf. upper winds at Allahabad and Patna) and on the 
18th, with the curving round under the influence of the hills, (1) was losing its in¬ 
dividuality. The influence exercised by the Khasi Hills in deflecting the moist cold 
monsoon stream is shown by the shape and position of the area of heavy rainfall during 
the next 24 hours {Fig. 37b). The old continental air from the Punjab and the air from: 
Assam were tending to surround the monsoon air. 

19th July, 1930. 

No fresh monsoon air was being drawn into Bengal {Figs. 38a and 38b). The area- 
over which rain was falling at 8 hours in the morning of the 19th was practically where 
heavy fails had occurred during the previous 24 hours and the surface air was cooler than 
in the surrounding area. The upper air trajectories at Chittagong and Calcutta show that 
the air supply at 2 km. was old continental air with little difference in properties from the 
old monsoon air. At 0*5 and 1 km. it was either from north Bay or from the west. The 
weak front between the north-east and north-west Tndian air streams w T as running from 
near the centre of the depression in a north-westerly direction to between Delhi and Agra. 

To the south cf Lat. 23° N., fresh westerly air from Arabian Sea was advancing east¬ 
ward as shown by the 2 km. trajectory at Jubbulpore on the 18th morning and at Sambal- 
pur on the 19th. 

Heavy rainfall occurred during the next 24 hours at the following two areas: (l)At 
the Chota Nagpur Hills where moist air was first projected against the hill on the southern 
side in the lower layers followed by old monsoon air from the north-east. The orography, 
the backing of the hills by moist westerly air not less than 2 km. in thickness, and the in¬ 
cidence of upper north-easterly current over an intervening area of shallow north-westerly 
current were all contributory to this heavy rainfall.® (2) At the Vindhya Hills, where 
the westerly monsoon current advancing along the Narbadha valley and up to the Vin- 
dhyas was met by the north-westerly continental air current. 

It is interesting to note that these two areas of heavy rainfall show themselves dis¬ 
tinctly separate and that in the first case, the rainfall area is continued most markedly 
in a north-easterly direction while in the latter, it progresses in a north-westerly direction~ 

20th July, 1930. 

The upper air observations on this day show that the surface of separation between 
the easterly and north-westerly air currents on the northern side of the depression was 
sloping upward towards the south-west {Figs. 39a and 39b). As on the previous day, the 
heavy rainfall area during the subsequent 24 hours could be approximately divided into 
two—one in which the north-easterly and the other in which the north-westerly upper 
current was operative. As usual, these currents became effective in causing heavy rainfall 
only where the monsoon current exceeded a certain limiting thickness. On the 20th 
morning alto-stratus clouds (10) at Hoshangabad and alto-cumulus clouds (4) at Khandwa 
(both in the monsoon sector) were coming from the west. It will be useful here to sum¬ 
marise the weather at a few stations near which the centre of the depression passed. 

E 
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Table 8. 



<SL 


(The symbols for weather remarks are the same as in the India Weather Message Code, 1931.) 


Date. 

Time. 

Pressure. 

Temperature °F 


Low or 

Rain in 
previous 
24 hours. 







Wind. 

middle 

Weather 

1930. 

Hrs. 

Ins. 

D. B. 

W. B. 

cloud with 
direction. 

Remarks. 



Jubbulpore {Lai. 23° 

10' N ., Long. 79° 59' E.) 



19th July 

8 

29-55 

76-8 

75-2 

1 •• 

SK 10 NW 

0*95* 

r 5 to 8 hrs. 

Shower 15 hrs. 


17 

•40 



.. 

AK 8 NE 

.. 

d 20 hrs. to 4 hrs. on 









20th July. 

20th July 

8 

•44 

75-4 

75-0 

nw i 

N 10 NW 

2-21* 

rr 10 to 16 hrs., r with 


17 

•29 

74-2 

74-0 

WNW 3 

N 10 SW 

•• 

T, L and strong wind 
at night. 

21st July 

8 

•37 

75-4 

73*8 

SSE 2 

SK 10 S 

9-95* 

d 5 to 7 hrs. and 10 









hrs. 


17 

•36 

J 79-2 

74*2 

WSW 1 

AK 8 SW 

•• 




Saugor (Lot. 23° 50' 

N„ Long. 78 0 50' E.) 



20th July 

8 

•50 

72-4 

71-9 

WNW 1 

N 10 NW 

1-82* 

r T 1 to 7 hrs. 
rr° 7-30 to 20 hrs. 


17 

•34 

75-9 

75-1 

WNW 3 

N 10 W 

• • 

rr 20 to 3 hrs. on 21st. 

21st July 

8 

•31 

73-9 

73-3 

ENE 2 

N 10 NE 

4-42* 

d° 3 to 10 hrs., 15 to 19 


17 

•32 

75-0 

731 

SW 3 

N 8 SW 

•• 

and 23 to 3 hrs. on 
22nd. 

22nd July 

8 

•47 

72*6 

71*1 

SSW 1 

N 10 SW 

0-05* 

d° 7 to 8-30 hrs. 



Neemuch {Lai. 24° 27' N., Long. 

74° 52' E.) 



20th July 

8 

•57 

83-5 

78-5 

W 2 

N 1 ? 

SK 3 

0-13* 



17 

•43 

78-0 

76-0 

W 3 

N 2 ? 

,, 

r 20-15 to 20*45 hrs. 









and 21 to 4-30 hrs. on 
21st. 

21st July 

8 

•46 

80-0 

77-0 

NW 2 

N 2 ? 

2-27* 

r 10-30 to 10-45 hrs.. 


17 

•33 

78-0 

76-5 

NE 4 

N 2 SW 

•• 

T 19-10 to 19-15 
to., r 18-10 to 21-05 
hrs. Surface wind 
changed from E to 

22nd July 

8 

•39 

74-5 

730 

SW 3 

N 1 SW 
SK 3 ? 

2-72* 

W at about 18 hrs. 


17 

•35 

78-0 

75-0 

SW 3 

N 1 SW 

SK 1 ? 

•• 

Light shower at 19 hrs. 



Mount Abu * {Lai. 24° 36' N. t Long. 

. 72° 43' E.) 



21st July 

8 

26-34 

66-7 

66-7 

WSW 3 

N ? 

0-00* 

Fog whole day, d at 


17 

•24 

69-7 

66-7 

W 2 

N W 

• • 

15 hrs., rr from 
22-30 hrs. 

22nd July 

8 

•24 

69-7 

69-7 

NE 2 

N NE 

3-90* 

rr till 6 hrs., r° 12 to 


17 

•17 

71-3 

69-7 

N 2 

KN N| 

.. 

15 hrs., T at 17 hrs. 

23rd July 

8 

•26 

68-7 

67-9 

SE 2 


0-76* 
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Table 8— cnntd. 


1930. 


Time. 

Pressure. 

Temperature °F. 


Low or 
middle 
cloud with 
direction. 

Rain in 

Hrs. 

Ins. 

D. B. 

W. B. 

Wind. 

previous 
24 hours. 


Weather 

Remarks. 


Ahmedabad (Lat. 23° 02’ N., Long. 72° 38' E.) 


21st July 

8 

29-55 

81-6 

771 

wsw 

2 

AS 


o-i r 

Shower at 16 hrs., rr 











from 17-30 hrs. 


17 

•44 

83-3 

79-7 

Calm 

N 


SW 



22nd July 

8 

•46 

75-6 

75-2 

SW 

3 

N 



$•65' 

rr till 11 hrs., dd from 

17 

•39 

78-5 

77-5 

WSW 

2 

N 



• • 

16-55 hrs. 


23rd July 

8 

•4Q 

76*5 

75-8 

ssw 

2 

N 


SW 

0-32' 

dd throughout day. 










Overcast. 


17 

•46 

77-7 

76-7 

SW 

3 

FrN 

SW 

• • 




Rajkot {Lat. 22° 18' N. 

, Long. 

70° 

56' 

E.) 




21st July 

8 

29-56 

82*0 

76-5 

WSW 

6 

K 

5 

SW 

0*00' 

d° from 22 hrs. 


17 

•45 

87-0 

75-5 

WSW 

6 

N 

10 

SW 

• • 


22nd July 

8 

•47 

76-0 

75-0 

WSW 

4 

N 

10 

SW 

3-76' 

rr 3 to 9 hrs., r 9 to 

17 

•40 

75-5 

74-5 

SSW 

4 

N 

10 

SW 


17 hrs. and rr 17 to 
24 hrs. 


23rd July 

8 

•46 

75-5 

74-5 

SW 

5 

S 

10 

SW 

11*36' 

rr 0 to 4 hrs., d 4 to 

17 

•42 

81-5 

77-5 

SSW 

5 

N 

10 

SW 


9 hrs., d occasionally 
9 to 17 hrs., d° 17 to 












20 hrs. 


Hyderabad (Sind) (Lat. 25 0 23’ N„ Long. 68 ° 24' E.) 


22nd July 


8 

29-41 i 

84-8 

81-0 

Calm 


N 7 

0-14' 

T, L previous night. 


17 

•32 

82-2 

77-8 

NNW 

6 

KN 6 

.. 

21-30 to 22-30 hrs. 

16-40 to 17-00 hrs, 












rain. 

23rd July 


8 

•37 

84-2 

80-0 

N 

3 

N 

0-44' 

Showers 15 to 15-40 hrs., 


17, 

•35 

83-4 

81-6 

NW 

1 

KN 


d 21 to 24 hrs. 


24th July 

• 

8 

•53 

81-6 

79-4 

SE 

1 

N 

0-32' 

d 0 to 5 hrs. 


N.B .—Rainfall is not entered against 17 hrs. in the above Table, as rainfall was measured only once a day at 8 hrs. 


At Saugor, on the morning of the 20th the temperatures of both wet and dry bulbs 
were comparatively low, as some showery' rain accompanied by thunder had already 
occurred. The continuous rainfall during the day time of the 20th should be considered 
as warm-front rain due to the ascent of north-easterly air over the rain-cooled north¬ 
westerly. The heavy continuous rainfall on the night of the same date occurred after 
the westerly thicker monsoon current had arrived. On the morning of the 21st the nim¬ 
bus direction was from NE and it changed later to SW. The weather at Jubbulpore 
on the night ot the 20th, with heavy rain, strong wind and thunderstorm, and the changes 
of low cloud direction on the 20th and 21st suggest that the advance of the southerly or 
south-westerly air immediately on the eastern side of the low was in the nature of a cold 
front. 

The behaviour of upper winds and the nature of weather experienced at Agra between 
the 19th and 22nd are interesting as showing the relative qualities of the north-westerly, 
easterly, and south-easterly air currents. Some pilot balloon trajectories on these dates 
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are reproduced in Fig. 43. As will be seen from the trajectory at 6 hours on the 20th 
the easterly old monsoon current had come up that time at levels above 1*3 km. over 
Agra. There was a thunderstorm at Agra at about 15 hours on the 20th attended by a 
rapid fall of both dry and wet bulb temperatures (Fig. 44). Momentarily, the surface 
wind changed from N to SE and later became NW. The easterly air first came in as 
a moist current above 1 km ; and the instability was due to the large lapse-rate near the 
ground and the supply of moisture above 1 km. Once instability rain has cooled the 
northerly air mass and thus removed the effect of surface heating, it behaves as cold air 
with respect to the old monsoon air. The large fall of temperature of both dry and wet 
bulbs after the rainfall was obviously due to the comparative dryness of the pre-existing 
air. The easterly old monsoon air (see trajectory of 21st at 6 hours) was replaced by com¬ 
paratively fresher and cooler south-easterly monsoon air by the morning of the 22nd. 
The fall of temperature at 23 hours on the night of the 21st may be noted. 

21st July, 1930. 

The warm-front between the easterly and north-westerly streams was well-developed 
on this day (Figs. 40a and 46b). The upper wind directions at Ajmer, Lat. 26° 27' N., 
Long. 74° 44' E., on the 20th and 21st are given below :— 


Table 9. 


Date. 

Time. 


Height in km. 

0-6 

1-0 

1-5 

2-0 

2-5 

3-0 

3-5 

4-0 

20 th July 

16 05 

Direction 

275 

270 

310 

320 

340 

340 

25 

30 



Vel. in. p. s. 

6-5 

8-0 

70 

7-5 

4-0 

4-5 

4-0 

4-0 

21st July 

06 16 

Direction 

290 

310 

360 

80 

55 

•• 

• • 

.. 

• 


Vel. m. p. s. 

8-0 

8*0 

6-0 

50 

4*5 

•• 

•• 

•• 


At Kotah (Lat. 25° 10' N., Long. 75° 52' E.) on the morning of the 21st, both strato- 
■ cumulus and alto-stratus clouds were coming from the north-east. • 

From the weather records at Ahmedabad and Rajkot given in Table 9, it will be seen 
that the rainfall at both those places was of the continuous warm-front type such as 
occurred at Saugor on the night of the 20th. Both dry and wet bulb temperatures at 
Mount Abu on the morning of the 22nd were higher than those on the previous days 
though a rainfall of 3*9" had occurred during the preceding 24 hours. The rainfalls in 
Sind and Rajputana, however, were of the thunderstorm type. These suggest that, in 
Kathiawar, north-westerly dry upper air was not coming into conflict with monsoon air, 
the shallow west-north-westerly winds at Karachi and Ajmer notwithstanding. On 
this day, another feeble depression was developing in the north-west corner of the Bay 
with a feeble warm-front along a line running to the north-west from Balasore. The fact 
that rain was falling at places where the wind was westerly or south-westerly shows that 
the easterly current was ascending. It is important to notice that there was no north¬ 
westerly fresh continental air involved in the formation of this new depression. 

22nd July, 1930. 

The chart (Fig. 41a) shows that the Aravallis had the effect of concentrating the warm- 
front rain on itself and preventing it from extending westwards. North-easterly warm 
































air had already arrived at Mount Abu and at upper levels it must have progressed further 
to the south-west. Fig . 41b shows that the heavy rainfall in Kathiawar occurred at 
the surface of convergence of this air with the fresh monsoon current. The heavy falls 
in Sind along the Indus were due partly to the orographic effect of the hills west 
of the river. The pre-existing presence of moisture at the lower levels of the 
Indus delta causing a cool surface layer which is usually about 1*5 km. thick a^ 
Karachi in this season, was also a contributory cause. It will be noticed that the 
rainfall in Sind and Rajputana was mostly of thunderstorm type and this is what 
is to be expected considering that the previous air supply over the region was from 
Baluchistan and that it was into this that a moist supply of air was injected at level s 
of 1 and 2 km. 

23rd July, 1930. 

On the previous day, the depression was partly on the eastern side of the Aravallis 
and partly on the western side. This morning, it had entirely crossed over to the west 
with a front running in an east-south-easterly direction from Karachi (Figs. 42a and 42b). 
The easterly deflected monsoon air had arrived at Quetta and, as showing the contrast 
between the old continental air and the easterly old monsoon air, the aeroplane tempera - 
. tures and humidities obtained on this day and the previous and succeeding days at Quetta 
are given in Fig. 45. The comparative coolness and moistness of the monsoon air are 
evident. 

It is not necessary to pursue the progress of the depressions further except to say 
that it was dissipated on the Baluchistan and Mekran Hills on the 24th. 

In Fig. 46 are shown in one consolidated diagram the positions of the centres of low 
pressure at 8 hours on each day from the 17th to the 23rd and the areas of heavy rainfall 
in every successive 24 hours. It shows the unsymmetrical nature of the distribution of 
heavy rainfall about the low pressure centre and the remarkable manner in which it is 
concentrated in the fresh monsoon sector in front of the lines where old monsoon or conti¬ 
nental air attacks it. 

The study of upper air conditions and of individual depressions during the monsoon 
leads to the following general conclusions. 

(1) The formation of monsoon depressions in July and August is generally preceded 

by an acceleration of the monsoon air in the Deccan especially at 2 and 
3 km. 

(2) The Burmese mountains help to deflect this current northward and roll it up 

into a vortex. 

(3) The air masses that initially meet sre the accelerated monsoon air and old 

monsoon air. 

(4) When near the Burma Coast, the old monsoon air is often mixed with air from 

Upper Burma and Siam, especially at levels above 2 km. The latter may 
be expected to be similar in properties to old monsoon air coming as it does 
from the region of rainfall of the Chinese monsoon. 

(5) Squally weather and heavy rainfall occur within the monsoon sector adjacent 

to the place where either the old monsoon air from NE India or conti¬ 
nental air from NW India meets monsoon air of more than 2 km. thick¬ 
ness ; in addition to frontal action adiabatic expansion due to large hori- 
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zontal gradients of pressure is an important cause of producing rainfall 
within the humid monsoon air mass travelling partially across the isobars 
towards the centre of low pressure. 

The main front is formed betweei; fresh monsoon air and old monsoon air in 
which the former behaves as a cold air mass and the latter as a warm air 
mass. Fronts also form between the fresh or old monsoon air and surface 
heated continental air. In this case the continental air is generally warmer 
up to about 3 km. and colder above. 

Depressions retain their strength so long as there is a good supply of fresh mon¬ 
soon and old monsoon air. 

When depressions move into Raj put ana owing to the gradual replacement 
of old monsoon air by surface heated continental air the monsoon air rapidly 
gets desiccated and the depression dies down. 

The entry of monsoon air into Rajputana, Sind and tke-N.-W. Frontier Pro¬ 
vince causes fall of temperature and increase of humidity between I and 
3 km. and is invariably accompanied by thunderstorms. 

Some general remarks regarding the properties of continental and maritime: 
air masses involved in the storms of the Indian Seas. 

A comparison of the places of origin of storms in the Indian seas and the stream lines 
of upper winds at 2 and 3 km. shows that storms generally originate or strengthen at places 
where there is the best chance for air from land to meet sufficiently deep maritime air at 
an angle. The atmospheric effects that will ensue as a result of the coming together pf 
these air masses will obviously depend on their properties as regards temperature and 
humidity and on the circumstances of their movement. The properties of land air over 
India, especially over North India, change considerably during the course of the year.. 
During winter the continental air that drains into the Bay of Bengal is cooler and drier 
than the maritime air that enters the south of the Bay from the east and in the storms 
that form in this season, the continental air behaves as cold air mass and the maritime 
air as warm air mass at all levels from the surface up to at least 6 or 8 km. 9 Conditions 
are partially altered in the pre-monsoon months, April, May and part of June. Owing to 
the differential heating of land and sea, the air over land has in its lov'er layers a higher 
temperature than that oversea, but as this is accompanied by a larger lapse-rate near the 
ground, the temperature conditions get reversed at higher levels. In the storms of this 
season, therefore, the continental air behaves as “ warm air ” at the surface and as “ cold 
air ” at higher levels, generally above 2 or 3 km. There is a still further change in the air 
over the major portion of North India during the monsoon months July and August. 
Except in North-West India, the air over North India is generally old monsoon air— 
that is air which for the most part originally came into the country as fresh monsoon air 
but w'hose temperature and moisture content in its higher layers have been increased 
owing to precipitation and insolation. Although at the surface the relative humidity 
of this air is smaller than that of fresh monsoon air, in consequence of its higher 

9 K. R. Ramanathan and A. A. Narayana Iyer .* Ind. Met. Dept., Sc. Notes, Vol. Ill, No. 18,1930; and S. Mai and B. N- 
Desai: Ind. Met. Dept., Sc. Notes, Vol. IV, No. 39, 1931. 


( 6 ) 

(7) 

( 8 ) 

( 9 ) 
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^temperature the absolute humidity is higher. If therefore extensive cloud formation 
'can occur in this air mass below the level at which its temperature would otherwise 
become equal to that of the fresh monsoon air, the old monsoon air would acquire 
above the condensation level a lapse-rate approaching that of saturation adiabatic and 
behave as a warm air mass with respect to fresh monsoon air. Indeed, it is known 
from the results of sounding balloon ascents at Agra that, during July and August, the 
height-temperature curve there follows closely the curve of saturation adiabatic and 
that even between 2 and 4 kms. the lapse-rate is only 4 , 5°C. km. 10 This picture, 
however, of old monsoon air ascending over fresh monsoon air at a warm-front in the 
^depressions of the monsoon season is too simple. There is often intercalated between 
Ahe fresh and old monsoon airs a comparatively drier air stream of surface-heated 
continental air from NW India. The continental air behaves at levels of 2—4 km.* * 



FIG. 47. SCHEMATIC DIAGRAM SHOWING STRUCTURE OF 
MONSOON DEPRESSION WHEN OYER CENTRAL tNDIA . 

as cold air with respeet to old monsoon air, and if rain has already fallen within 
it, at lower levels also. We have no definite information as to the level to which 
high humidity extends in the fresh monsoon stream or the level at which the continental 
air would begin to behave as cold air mass towards fresh monsoon air, but it may 
be expected to be higher than in the case of old monsoon air. A vertical section of the 
composite front such as often forms over Central India in connection with monsoon depres¬ 
sions is shown in Fig. 47 . It is obvious that more extended upper air observations of 

both temperature and humidity are much needed for the elucidation of many important 
points. 

We wish to acknowledge our thanks to Mr. A. Narayanan for his help in the prepara¬ 
tion of normal wind data for the stream-fine diagrams and to Messrs. S. S. Kohli and 
iL. V. Joshi for help in the preparation of detailed rainfall maps. 

Our thanks are also due to Mr. S. Basu and Dr. S. C. Roy for their helpful 
criticisms. 


10 K. E. Eamanathan, “ Sounding Balloon Ascents at Agra ”, Mem. Ind. Met. Dep., Vol. 26, Part 6, 1930. 

* As already remarked, this height is liable to variation depending on the recent history of the continental air mass. 
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Explanation of symbols used in the charts of weather at 8 hrs. and of history 

of upper air movements. 

(a) Weather charts. (&) Upper air movement charts. 
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Wind velocity. Trajectories of air movement at 

The number of feathers in the wind ___ ] Km. 

arrows represents the Beaufort number of 

the wind, e.g., ^ 

- 1 Beaufort No. 1 3 * vm ‘ 

-1 „ „ 2 . 4Km ‘ 

H » ” 3 Amount of rain in next 24 hrs. 

H ” ” 4 I -- 1 <0-5' 

Winds at 0-5 Km. at pilot balloon | v; ”?v7| Oo"-2-0" 

stations, at surface at hill stations of 

nearly 0-5 Km. height, and at sea are |illlHl!ilililill 20"-4 - 0" 

represented by full arrows; those at sur- \ " 

face at plain stations by broken arrows. ' 

Remarks about weather during next 24 hrs* 

Fronts. 

v ■■ Well marked front.. T Thunder 

Diffuse front. ^ Lightning. 

. Thunderstorm. 

'/y/////. Region where rain was falling 

//, at the time of observations. ^.-Positions of fronts at 2 Km. are marked on these 

charts on a few days. 
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F16.RI. DISTRIBUTION Of TEMPERATURE [*C] AT 2,1A 4 IMS OVER INDIA AND ITS NEIGHBOURHOOD. 
(ISOTHERMS REFER TO > RMS) 


FIG. a. UPPER WINDS AT I. 2 AND * IMS ON THE 
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FIG. 22. TEPHIGRAMS AND DEW-POINT TEMPERATURE DIAGRAMS REPRESENTING 
MEAN CONDITIONS OVER AGRA AND HYDERABAD (DECCAN) IN JULY. 


FIG. IR. DISTRIBUTION OF TEMPERATURE [°C] AT 2. 5 A 4 RMS OVER INDIA AND ITS NEIGHBOURHOOD. 
(ISOTHERMS REFER TO 2 RMS) 


FIG. 20. DISTRIBUTION OF TEMPERATURE [*C] AT 2, J * 4 RMS OVER INDIA AND ITS NEIGHBOURHOOD. 
(ISOTHERMS REFER TO2 IMS.) 
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FIG. 25(b). HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 294.1930 
AND RAINFALL DURING NEXT 24 HOURS. 



FIG. 26(a). WEATHER AT 8 HOURS ON 304-1930. 


FIG. 26(b). HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 30 4-1930 
AND RAINFALL DURING NEXT 24 HOURS. 


ap.ro. poona, 1033. 








































































































»TORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 171930 
AND RAINFALL DURING NEXT 24 HOURS. 


FIG. 28 (b). 


AND RAINFALL 


\S ON 2-7-1930 

NEXT 24 HOURS. 


FIG. 27 (a). 


FIG. 29(b). HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 3-7-1930 

AND RAINFALL DURING NEXT 24 HOURS. 


6.P.Z.O.Poona,1333. 



































































































































FIG. 30(b). HISTORY OF UPPER AID MOVEMENT AT 8 HOURS ON 4-7-1930 
AND RAINFALL DURING NEXT ?4 HOURS. 



j'y 28.6-1930 

1 30- 6- 1930 

\ 2 7 ,s3 ° 

4^7 ■ 1SSQ 

_ 


FIG. 31. DISTRIBUTION OF WET BULB TEMPERATURE IN °F ON 28 ft 30-6-1930 A 
2 ft 4-7-1930 (REDUCED TO SEALEVEL ON THE ASSUMPTION THAT IT VARIES WITH 
HEIGHT AS THE CURVE OF SATURATION ADIABATIC). 





AND RAINFALL DURING NEXT 24 HOURS. 


6.RZ.0. Poonij fy33. 

































































































FIG. 36 (b). HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 17-7-1930 
AND RAINFALL DURING NEXT 24 HOURS. 


FIG. 34(b). HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON IS-7-1930 
AND RAINFALL DURING NEXT 24 HOURS. 


k 

FIG. 34(a). WEATHER AT 8 HOURS ON 15-7-1930. 


6.P.Z.O. Poona, 1933. 



















































































































HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 18-7-1930 
AND RAINFALL DURING NEXT 24 HOURS. 



FIG. 38 (a). WEATHER AT t 



AND RAINFALL DURING NEXT 24 HOURS. 


FIG. St (a). WEATHER AT t I 


6.P.Z. O.Poona,1935. 




































































































HISTORY OF UPPER AIR MOVEMENT AT 8 HOURS ON 21-7-1930 
AND RAINFALL DURING NEXT 24 HOURS. 
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FIG. 43. PILOT BALLOON TRAJECTORIES AT AGRA. 



20 - 7-30 21 - 7-30 



FIG. 44. WIND VELOCITIES & DIRECTIONS & DRY 
& WET BULB TEMPERATURES AT AGRA ON 
20 TO 22-7-1930. 


Km. 



FIG. 45. UPPER AIR TEMPERATURES AND HUMIDITIES 
AT 0UETTA ON 22. 23 & 24-7-1930- 
(/EROPLANE ASCENTS) 




Chief areas of Heavy rainfall during past 24 hrs. recorded at 8 hrs. on 17, 19.21 & 23-7-1930. 

. ’’ ” ” « ' " . 18,20.22 & 24-7-1930. 

Positions of centre of depression at 8 hrs. on the respective dates. 


FIG. 46. TRACK OF CENTRE OF LOW PRESSURE AND AREAS OF HEAVY RAINFALL 
ON EACH DAY FROM 17 TO 24-7-1930. 


6.P.Z.O. Poona, 1333. 
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ON THE PHYSICAL CHARACTERISTICS OF FRONTS DURING THE INDIAN 

SOUTHWEST MONSOON. 

BY 

N. K. Sur , 

Upper Air Observatory, Agra. 

(Received 21st December 1932,) 

Abstract .—During the period of activity of the southwest monsoon, occasionally a wedge of dry northwesterly continental 
air extends in west United Provinces between the southwesterly winds from the Arabian Sea and the easterly winds of the 
monsoon traversing the Gangetic valley. The characteristics of fronts, when such a condition exists and leads to rainfall, 
have been discussed with the aid of data from sounding balloon ascents and upper winds. 

The meteorological conditions which result in precipitation over central parts of India, Gujarat and Sind during the rainy 
season have been discussed with reference to the available information regarding temperature and upper winds. 


1 . 

In a recent paper Wagner 1 lias discussed the features of the Indian south-west monsoon 
based on stream lines of the upper air up to a height of 10 km. He has come to the con¬ 
clusion that warm moist maritime air from the seas lying to the south and west of India 
traverses the Indian Peninsula and the Bay of Bengal, and after deflection by the mountain 
ranges in the west coast of Burma and south-west Assam ascends in the Gangetic valley 
over the cold dry winds of the westerly latitudes flowing over the Punjab, Rajputana 
and central parts of India extending right up to the head of the Gangetic delta. Thus a 
system of stationary cyclone covering vast regions of north and Central India exists 
during July to September, the cold sector being generally formed distinctly in the upper 
air by the dry westerly continental winds. Occasionally the difference of temperature 
between the continental and monsoon air is also noticeable on the ground as has been 
shown by S. C. Roy and A. K. Roy 2 . But recently Ramanathan and Ramakrishnan 3 
have shown that the continental air is really confined only to the Punjab and north-west 
Rajputana during the south-west monsoon and the ideas of Wagner require modification 
in certain respects. 

It is, however, well known that the south-west monsoon current in India is not a steady 
one, but is Maintained by pulsating currents. During the period of its activity, pilot 
balloon ascents are not possible due to clouds. Hence the stream-lines in the upper air 
drawn by Wagner really represent conditions in the period of its comparative inactivity. 
It is therefore of interest to enquire into the physical processes leading to rainfall during 
the south-west monsoon. 


1 Wagner. “ On the Aerology of the Indian Monsoon 4 Ger. Beit. z. Geophys. Bd. 30, 1931, pp. 196-236. 

2 S. C. and A. K. Boy. ‘ Beit. z. Phys. der Frei. Atmosph&re ’, Bd. 16, 1930, pp. 224-234. 

* Ramanathan and Ramakrishnan. “ The Indian South-west Monsoon and the Structure of the depressions associated 
with it ” 4 Mem. Ind. Met. Dept., 1 Yol. XXVI, Part II. 

(Memoir* of the Ind. Met. Dept., Vol. XXVI, Part III). 




At 8 hours on 13th July 1924 the monsoon was generally active in the whole of the 
Gangetic valley, East Bengal, Assam and Lower Burma, and was also fairly strong in the 
Punjab and Rajputana. The weather at 8 hours on 14th July 1924 is shown in Fig. 1. 
The dry bulb temperatures are given in °F. The amount of cloud at 8 hours irrespective 
of height is shown on the charts by a Q , the blackening corresponding to the actual amount 
out of a total amount of 10. Past rainfall is given in inches and that at 8 hours by shaded 
areas. The scale of winds given in the chart for 14th July 1924 has also been adopted for 
the three consecutive dates and also for 16th and 17tli July 1917. It is to be noted that 
temperature on 14th July 1924 was considerably below normal in the Punjab and United 
Provinces. The boundary in the Gangetic valley between the fresh westerly or south¬ 
westerly winds from the Arabian sea and the deflected easterly winds is shown by a double 
line. No appreciable difference of temperature between the two sides of the line in the 
United Provinces and Bihar is noticeable. 

The meteorological conditions at 8 hours on 15th, 16th and 17th July 1924 are 
shown according to the previous plan in Figs. 2, 3 and 4. On 15th July 1924, an appreci¬ 
able, though slight, difference of temperature is noticeable on the two sides of the line of 
demarcation between the westerly and easterly winds. 4 Similarly in the weather charts 
of 16th and 17th July, the lines of separation between the two air-masses having different 
temperatures are shown. 8 

The available pilot balloon data in the mornings of different dates for the stations, 
their heights and co-ordinates are given in Table 1. Directions are in degrees measured 
in a clockwise direction from north, and velocities are expressed in metres per second. 


Altitudes and co-ordinates of stations in Table 1. 


Station. 

Height of 
Station in 
kms. 

Latitude °N. 

Longitude °E. 

1. Agra .... 

0-17 

27° 10' 

78° 05' 

2. Lahore .... 

0-21 

31° 34' 

74° 21' 

3. Diamond Harbour 

0-01 

22° 11' 

88° 24' 

4. Peshawar .... 

0-35 

34° 02' 

71° 37' 

5. Bombay .... 

0-01 

18° 54' 

72° 49' 

6. Quetta .... 

1-68 

30° 12' 

67° 00' 

7. Akyab .... 

0*01 

20° 07' 

92° 57' 

8. Simla .... 

2-13 

31° 06' 

77° 13' 


4 Ranchi and Sutna, which are at a height of 0*65 and 0-32 kilometres respectively above sea, will show temperatures nearly 
the same as those of Allahabad and Cawnpore, if the temperatures are reduced to the level of the latter stations. 

* The difference of temperature above and below the line of demarcation becomes more marked when equivalent potential 
temperatures, calculated from wet bulb readings at 8 hours corresponding to the dry bulb readings shown in the charts are 
plotted. (For a definition of equivalent potential temperatures see 4 Wet Bulb temperatures and the Thermodynamics of the 
Air’ by C. W. B. Normand ‘ Memoirs of the India Met. Dept. Vol. 23, Part 1, pp. 1-22. Also M. Robitzsch, ‘ Arbeiten 
des Aero. Obs. Lindenberg,’ Bd. XVI, 1928, pp. Cj—C 28 ). The equivalent potential temperatures can be conveniently 
obtained from plate II, Fig. 2, of Dr. Normand’s memoir. 
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Height in kms. above sea level. 


Station. 


0-5 

10 

2-0 

30 

40 

50 

6*0 



Dir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 

Pir. 

Vel. 

Dir. 

Vel. 

•• 





Tai 

*le l(a 

), 14th 

July 1 

924. 







Agra 


305 

7-5 

340 

70 

325 

15-5 

330 

13-5 

335 

14-5 

.. 

.. 

.. 

,. 

Lahore . 


200 

2-5 

215 

1-5 

355 

4-0 





.. 

.. 

.. 

.. 

Diamond Harbour 


260 

8-5 

250 

70 

245 

7-5 

270 

4-0 

280 

3-5 

255 

2-5 

185 

1-5 

Peshawar 


200 

0-5 

160 

2-0 

200 

* 

4-0 

310 

90 

36< 

8-5 

325 

6-0 

300 

130 

Quetta . 






165 

30 

245 

60 

300 

4-0 

265 

30 

250 

40 

Akyab 


220 

3-5 

220 

4-5 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 






Table 1(6) 

, 15th 

July 

1924. 







Agra 


5 

8-0 

325 

100 

330 

110 

345 

12-5 

345 

7-5 

325 

30 

5 

50 

Lahore . 


115 

2-5 

105 

20 

360 

2-5 

230 

20 

225 

5-0 

240 

50 

.. 

.. 

Peshawar 


35 

20 

355 

30 

80 

2-5 

310 

5-5 

325 

6-0 

10 

7-0 

20 

13-5 

Bombay . 


255 

150 

• • 

• • 

•• 

•• 

•• 


• • 

.. 

• • 

.. 

.. 

.. 

Quetta . 


.. 

.. 

.. 

. • 

185 

8-0 

240 

100 

260 

14-5 

.. 

.. 

.. 

.. 

Akyab 


•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• i 

•• 

•• 

•• 

•• 

•• 

•• 






Table 1(e) 

, 16th 

July 1924. 







Agra 


105 

5-0 

315 

10 

360 

7-0 

.. 


.. 



.. 

.. 

. • 

Lahore . 


180 

4-5 

225 

20 

310 

4*5 

310 

5-5 

155 

40 

85 

40 

185 

9-0 

Peshawar 


345 

40 

275 

2-5 

Calm 

320 

40 

350 

6*5 

30 

7-0 

30 

7-5 

Bombay . 


260 

13-5 

.. 


•• 

•• 

•• 


•• 


• • 

, •. 

.. 

.. 

Quetta . 



.. 



180 

1-5 

305 

8-5 

305 

8-0 


• • 

.. 

•. 

Akyab . 


205 

120 

210 

12-0 


•• 

•• 



•• 

•• 

•• 

•• 

•• 






Table 1(d), 17 th 

July 1924. 







Agra 


235 

6-0 

355 

1-5 

350 

6-0 



.. 

.. 

. . . 

.. 

.. 

•. 

Lahore . 


155 

40 

110 

2-0 

10 

40 

20 

40 

80 

3-0 

105 

5-5 

150 

7-0 

Diamond Harbour 


280 

11-5 

280 

110 

265 

100 

280 

90 

265 

30 

190 

30 

115 

5-5 

Peshawar 


360 

2*5 

320 

30 

240 

10 

330 

40 

15 

4-0 

35 

50 

55 

30 

Bombay . 


260 

14-5 

165 

10-5 


•• 

•• 

•: 

•• 

• • 

• • 

•• 

. • 

. * 

Quetta . 






110 

1-0 

310 

8-0 

310 

70 

120 

4-0 

155 

60 

Akyab 


*• 

v 

•• 

•• 

•• 


•• 

•• 

•• 

•• 

•• 

•• 


•• 
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N. K. SUR. 


The low pressure area over Sind and Baluchistan, a usual characteristic of the monsoon 
season, existed on 14th and 15th July at 8 hours. It shifted northeastwards on the two 
following dates and its intensity diminished slightly. The seasonal low pressure trough 
extending over the whole of the Gangetic valley right up to Calcutta intensified on 
15th and 16th July, but showed a tendency to weaken slightly on 17th July, the monsoon 
being active over the whole of the Gangetic valley during 14th-17th July. Compared to 
that on 14th July, the temperatures in north United Provinces and Bihar generally in¬ 
creased on 15th July. 6 We note here a very important property, that the westerly branch 
of the south-west monsoon coursing over Gujarat, Deccan, Central India, Central Provinces 
and Orissa has lower equivalent potential temperatures 7 in general than the easterly 
deflected branch flowing over Bengal, Bihar and the United Provinces. If this difference 
of moisture-content of the two branches of the monsoon extends to the upper air also, the 
deflected easterly winds may, under appropriate conditions, ascend over the westerly 
branch. The weak depression of 14th-17th July gives a well-marked example of an up- 
glide front. The easterly winds of the Gangetic valley were ascending over a shallow 
layer of continental air from north-westerly direction, overrunning the monsoon current 
from the Arabian Sea. This is shown by the soundings at Agra on the evenings (after 
sunset) of 14, 15 and 16th July 1924. All the three instruments were recovered in the 
Gwalior State at distances of about 55—60 miles in a SSE direction. The results of 
the soundings along with the E. P. temperatures at different heights are shown in Tables 
2a, 2b and 2c. 

6 At Lucknow, Allahabad, Sutna, Saugor and Hoshangabad the equivalent potential temperatures on 14th and 15th were 
respectively 77-8 and 75*5, 77-8 and 75-6, 77-0 and 73-2, 75*0 and 73-0, 75-0 and 71-0 in °C. The temperatures decreased on 
15th July 1924 compared to those on 14th July 1924. At Benares and Gorakhpur the equivalent potential temperatures on 
these dates were 79*0 and 78*5, 76-0 and 81-3 respectively. At Lucknow and Sutna it was raining at 8 hours on 15th July 1924 
and the decrease in temperature at these places might he attributed to rainfall but no such cause can he found for the other 
places. Also at Benares, the temperature did not diminish, though it was raining at 8 hours on 15th July 1924 whereas at 
Gorakhpur, the equivalent potential temperature and even the dry bulb one increased on 15th July 1924 though it rained at 
8 hours on both the dates. It therefore may be inferred that rainfall is not always associated with a fall of temperature. Simi¬ 
larly the E. P. and dry bulb temperatures at Lucknow increased on 16th July 1924, being 80°C. and 79°*4 E. as compared to 
those of 75°*5 C. and 78°-4 F. respectively on 15th July 1924, though it was raining at the place at 8 hours both on 15th July 
1924 and 16th July 1924. 

7 Space does not permit to give tables of equivalent potential temperatures for all stations under the influence of the deflec¬ 
ted easterly branch and the south-westerly branch of the monsoon, but a few examples are given here for comparison 


— 

Easterly branch. 

— 

Westerly branch. 

July. 

July. 

14 

15 

16 

14 

15 

16 

Jessore 

Berhampore 

Pumea 

Patna .... 
Gorakhpur . 

Bahraich 

Calcutta 

Dinajpur . . . 

°C. 

82 

80*6 

82-4 

79-2 

75-0 

77*2 

81-7 

78-0 

°C. 

82 

80- 5 

81- 0 
81-3 
81-3 
81-2 
75*4 
78-2 

°C. 

83 

80- 5 

81- 9 

82- 6 
81-4 
82*6 
80-0 
78-2 

Saugor 

Jubbulpore . 

Pendra 

Pachmarhi . 
jtfowgong 

Khandwa 

Cuttack 

°C. 

75 

74- 6 
77-2 
70-3 

75- 8 
72-6 

76- 3 

°C. 

73 

74- 5 
76-9 
70-9 

75- 8 
730 
75-3 

°C. 

75-6 

71-4 

75-0 

70- 9 

71- 3 
70-2 
75-3 































CHARACTERISTICS OF MONSOON FRONTS. 


41 



Table 2. 


Height above 

Table 2 a . 

(14th July 1924.) 

Table 26. 

(15th July 1924.) 

Table 2c. 

(16th July 1924.) 

ground 

Time of ascent 18-45 I. S. T. 

Time of ascent 18* *30 I. S. T. 

Time of ascent 19-43 1. S. T. 

Km3. 

T. (°C.). 

R. H. 

E. P. T.* 

°C. 

T. (°C.). 

R. H. 

E. P. T* 
°C. 

T. (°C.). 

R. H. 

E. P. T* 

°C. 

0 

30-6 

75 

87 

31*3 

72 

88 

28-4 

84 

84 

•5 

20-5 

84 

62 

24-2 

82 

74 

27-0 

86 

88 

10 

17-6 

94 

64 

21-4 

85 

73 

24-6 

90 

87 

1-5 

160 

94 

63 

19-0 

89 

73 

19*9 

87 

75 

20 

11-5 

98 

61 

15-7 

87 

69 

16-6 

85 

71 

2-5 

8-4 

98 

59 

12-1 

89 

66 

13-4 

86 

69 

3-0 

6-4 

92 

58 

9-3 

83 

63 

10-1 

83 

65 

3*5 

3-8 

82 

56 

5-5 

81 

60 

9-4 

87 

71 

4-0 

1-8 

80 

58 

4-0 

78 

62 

7-7 

96 

75 

5-0 

—4-1 

88 

61 

—-1-0 

84 

67 

6*0 

100 

85 

0-0 

—8-0 

65 

63 

—5-6 

70 

67 

0-2 

100 

82 

7-0 

—14-0 

62 

64 

•• 



-4-6 

100 

83 


The gradual development of the upglide front is well brought out in Fig. 5, in which the 
mean values of temperature and humidity, obtained from traces recorded during ascent 
and descent of the meteorographs are given. From Table 2 a it is seen that the E. P. 
temperatures suddenly decrease above ground, and are practically the same throughout, 
showing the presence of north-westerly colder dry air. On the evening of 16th July, 
an appreciable increase of moisture-content above the ground level is noticed, it being 
fairly high up to 1-5 km. Above it there is a fall, but an increase at 5-6 kms. is again met 
with. On the evening of 16th July 1924 sky was overcast with cumulo-nimbus clouds 
at the time of ascent and the moisture-content is fairly high up to 2 kms. above ground. 
At 2*5 and 3 km. levels it is less, indicating the presence of cohtinental air, but at 3-5 km. 
and above, the moisture content again increases. It is evident that the moist easterly 
air of the deflected monsoon current was ascending over a shallow layer of continental 
air. It is difficult to say definitely whether the increase of moisture-content up to 2 kms. 
on 16th July 1924 was either due to rainfall and moisture subsequently penetrating up¬ 
wards by turbulence or due to moisture being brought in by the south-westerly winds. 
But it appears that the latter cause contributed at least to some extent towards the increase 
of moisture-content above ground. The ground-wind at Agra at 8 hours on 14th July 
1924 was westerly in continuation of south-westerly winds from the Arabian Sea, but it 
changed to a strong NNWly. wind in the afternoon. At 8 hours on 15th July the direc¬ 
tion was from the north, but changed to a (NWly. direction in the afternoon, and at 8 
hours on 16th July 1924 it was south-westerly. At 1 km. level (above sea) the wind was 

K 

* The equivalent temperature t 1 is evaluated from t 1 =t-{- —■ .e, 

b 

where t—temperature of the air in 0°C. 

K=1570 or 1789 if moisture is condensed to water or ice respectively. 
e= vapour pressure. 
b=the pressure of ait*. 

The equivalent potential temperature is then determined in the usual manner by reducing to standard conditions. 

The equivalent potential temperatures can also be obtained graphically from Plate II, Fig. 2, of Dr. Normand’s ‘ Memoir 
loc. cit. 
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from a northwesterly direction on the morning of 16th July and it was weak, whereas at 
2 km. the wind was strong and from a northerly direction. Correspondingly the E. P. 
temperatures on the evening of 16th July show an appreciable decrease above 2 km., 
showing the effect of the continental air. In spite of the air flowing on the ground from 
a north-westerly direction on the afternoon of 15th July there is an increase of moisture 
content above ground. This is apparently a consequence of rainfall, but the further 
increase in moisture content and also in the thickness of the layer of air above ground 
affected by moisture may have been caused partly by the fresh moisture brought in the 
south-westerly branch of the monsoon. 8 

The sky overcast with cumulo-nimbus clouds, and the lapse-rate of 7°-2 C. per km. 
between 1 and 3 kms. above Agra 9 10 , points to the existence of instability though to a limited 
extent only, in the region where the continental air was meeting the south-westerly winds. 
It seems that moisture for rainfall may, to some extent, have been supplied by the layer 
of air of thickness about 2 km. above ground and fed in by the south-westerly winds. 

3 . 

Another instance of rainfall due to the easterly winds of the deflected branch of the 
south-west monsoon ascending over the continental north-westerly air has been obtained 
from the sounding of 16th July 1917. In the morning of 15th July 1917, the southwest 
monsoon had strengthened in the peninsula, but was weak in north India. The meteorolo¬ 
gical conditions at 8 hours on 16th and 17th July are shown in Figs. 6 and 7. On 16th 
July 1917 the monsoon though yet feeble had extended up to the Gangetic plain. On 
17th July, clouds prevailed over the whole of India except Baluchistan and Sind. Pilot 
balloon data, which are unfortunately available for very few stations only, are given in 
Tables 3a, 3b. 

Table 3. 


Height in kilometres above sea level. 


Station. 

0-5 

10 

# 

2-0 

30 

4-0 

5*0 

6-0 

Dir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 

Bir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 

Dir. 

Vel. 






Table 3(a). (16th July 1917.) 





Agra 

345 

30 

0 

5-5 

355 

5*0 | 

1 30 

6-5 1 

1 75 

1-5 

225 

1-5 

120 

5-5 

Simla . , 


. • 

.. 


.. 

.. 1 

1 310 

5-0 1 

55 

3-5 

120 

4-0 








1 able 3(6). (17fch July 1917.) 





Agra 

330 

8-0 

355 

2-5 

40 

8-0 

| 20 

11-5 | 100 

1 7-5 

120 

8*0 

125 

9-5 


The data 10 obtained from the sounding at 19 hours Indian Standard Time on 16th 
July 1917 are noted in Table 4. 


8 Ah idea of the distribution of rainfall in the neighbourhood of Agra and Gwalior, the respective places of ascent and 
descent of the meteorographs, can be obtained from the provincial raingauge stations. During 24 hours preceding 8 a.m. 
on 17th July 1924, the districts of Agra, Mainpuri, Etab, Etawah, Jhansi and Jalaun had fairly good distribution of rain. 
Gwalior State, the tracts of Bundelkhand (including Nowgong) and Baghelkhand (including Sutna) had also a good distribution 
of rainfall. Further south, the rainfall was also well distributed in the districts of Saugor and Jubbulpore; but the states of 
Dholpur and Karauli (near Agra) had scanty rainfall and the state of Bharatpur (to the west of Agra) had no rain. 

* It is greater than the lapse-rate of the saturated-adiabatic for the corresponding temperature at 1 km. level above Agra. 

10 The meteorograph had gone up and down above 2-5 km. more than once. The values of relative humidity below 
2-5 kms. are somewhat doubtful. The ascent was made under the direction of Mr. J. H. Field, Director. Aerological Observa¬ 
tory, Agra. 
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Table 4.* 


16th July 1917.—Time of ascent, 19 hours 1. S. T. 


Height above ground in kms. 

T. 

(°c.) 

R. H. 

©/ 

/o 

E. P. T. 

(•Cl) „ 

0 

26-4 

91 

79 

0-5 

25-1 

70 

70 

1-0 

23-8 

57 

66 

1-5 

20-5 

46 

59 

2-0 

17-1 

58 

61 

2-5 

12-8 

69 

61 

3-0 

8-9 

86 

62 

3-5 

5-9 

90 

63 

4-0 

4-4 

96 

67 

4-5 

1-4 

100 

67 

5-0 

—0-7 

100 

68 

5-5 ; 

—3-2 

100 

70 

6-0 

—6-0 

100 

70 


The instrument was recovered in the Jaipur State in a direction of 265° from north at 
a distance of 136 miles from Agra. 

From the data, it is apparent that above a moist layer of air, mainly confined to the 
surface, a comparatively dry layer of air extended up to 3 km. level. At Agra middle and 
low clouds prevailed in the morning of 16th July 1917 but the sky became overcast with 
low clouds by 16 hours I. S.T. It was drizzling between 16 and 19 hours I. S. T. and there 
were drizzles at intervals later in the night, the sky being overcast with low clouds. 11 
The relatively high humidity noticed at the time of ascent is a result of rain. It is remark¬ 
able that the air was saturated with moisture at about 3-5 km. level {See Fig. 8). 

The sounding under consideration was made when the monsoon had not attained its 
full vigour in North-West India. Before the break of monsoon in upper India, the dry 
north-westerly continental air holds its sway in that part of the country. The results of 
the sounding lead to the inference that the easterly winds of the deflected monsoon were 
rising at 3-5 km. above Agra over the north-westerly continental air, which extended below 
that height nearly to the ground, and caused drizzle over Agra, a characteristic of the 


11 An idea of the distribution of precipitation in the tracts surrounding Agra and Jaipur, the places of ascent and descent 
of the meteorograph, is obtained from the records at 8 hours of 17th July 1917 of the provincial raingauge stations. 
The following Table gives a brief summary of the information of rainfall in the 24 hours preceding 8 hours of 17th July 
1917:— 


Place. 

Total No. of rain- 
gauge stations. 

No. reporting 
rain. 

Amount of rain 
varying between. 

State of Bharatpur 






12 

Nil. 

Nil 

„ „ Jaipur 






24 

14 

•01—1-7 

„ „ Bikaner . 






20 

7 

•12—1-9 

„ „ Dholpur . 






14 

3 

•04—10 

District of Agra 






8 

6 

•02-0-7 

„ „ Mainpuri 






7 

5 

•12-2-2 

„ „ Etah . 






4 

2 

•60—2-7 

„ „ Aligarh . 






7 

1 

•05 

„ „ Muttra . 



• 



8 

Nil 

Nil 
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warm-front rain. Though the available pilot balloon data are too scanty to give a com¬ 
plete picture of the wind circulation at the upper levels, still they seem to support the 
above conclusion. On the morning of 16th July 1917, the wind over Agra at O'5, 1, and 2 
km. (above sea level) was approximately from north. The wind at 3 km. level was from 
north-easfr, but at the same level over Simla was from north-west. At this level the 
easterly winds were probably beginning to affect the region over Agra but not Simla. 
At higher levels 12 the easterly winds had affected both Agra and Simla. On the morning 
of 17th July 1917, the wind was from an easterly or south-easterly direction at the levels of 
4, 5 and 6 km. At 2 and 3 km. it was from north-east, but below 2 km. it was nearly 
from north-west. It is just possible, though it cannot be said with certainty, that on the 
morning of 17th July 1917 the easterly winds had penetrated the 2 km. level also. 

4 . 

The two previous cases illustrate how the rainfall in the west United Provinces and 
north Rajputana is caused by the obstruction set up against the flow of easterly winds 
by the north-westerly continental air, which may either spread close to the ground or 
extend as a wedge between the south-westerly branch of the monsoon from the Arabian 
Sea and its deflected easterly branch coursing over the Gangetic valley. Another type of 
frontal action, viz., the ascent of the easterly winds directly over the southwesterly 
winds, causes rain over the central parts of the country. The following illustrates such a 
case. 

In the morning of 17th July 1932, disturbed weather conditions appeared at the head 
of the Bay of Bengal off the Chittagong-Arakan coast, which developed into a depression 
by the morning of 18th July with centre near Lat. 20°N. and Long. 89°B. By the 19th 
instant, it intensified further with its centre about sixty miles to the south of the Sand- 
heads. It remained practically stationary till 8 hours on 20th July, and caused a streng¬ 
thening of the monsoon in north-east India. By 21st July, it had moved northwestwards, 
and was centred midway between Chandbali (Lat. 20° 47'N., Long. 86° 41'E.) and Saugor 
Island (Lat. 21° 40'N., Long. 88° 10'E,). The meteorological data for 21st July on the 
ground and winds at upper levels with clouds up to 3 km. above sea are given in Figs. 
9-13. The scale of wind shown in the surface chart for 21st July 1932 has been adopted 
for upper winds and also holds good for all the following diagrams. We notice that the 
area of low-pressure over Sind and Baluchistan, characteristic of the season, extended up to 
2 km. The rainfall at 8 hours (local time) on the west coast of the Peninsula, on the 
Arakan-Chittagong coast, and on the Chota-Nagpur plateau is orographical. But the 
rainfall in Rajputana East, Central India, Berar, Central Provinces, Hyderabad and north 
Madras Coast is due to a warm front, brought into existence by the rise of easterly winds 
of the deflected monsoon over the fresh westerly winds entering India from the Arabian Sea, 
and traversing the Peninsula and Central Parts of the Country. The intersections of the 
warm front with the horizontal plane at different heights, consistent with the approximate 
stream-lines of the upper air and the directions of movement of different kinds of clouds > 

12 The observation, for the direction of wind at 5 km. above Agra on 16th July 1917 is rather doubtful. The velocity is also 
small. It is to be noted that the easterly winds at 6 Ion. form a part of the general circulation, but, as shown by the sounding, 
there was enough moisture even at that height, apparently gained by the stream sweeping along the surface of and rising 
over the Bay of Bengal. 
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are shown by double lines. The westerly winds from the Arabian Sea give precipitation 
on the west coast of the Peninsula, and when they descend over the Western Ghats, and 
travel over the heated central parts of India, the condition is such that a large quantity 
of moisture, if available, can be held in the space occupied by them. They flow over the 
Bay of Bengal under such a condition, and absorb moisture. The quantity of moisture 
may further be increased due to the higher temperature of the plains of north India 
provided the moisture is continually supplied from the Bay by the easterly winds or the 
ground is moist with past rain. During the rainy season, the temperatures at all levels 
up to 10 km. above Poona are less than those over Agra and Allahabad. Hence the easterly 
winds with their high moisture content are in a condition to ascend over the westerly 
ones. 

At 2 km. level the area of low pressure over Sind and Baluchistan has contracted and 
at 3 km. it is overrun by the northerly continental winds. At 2 km. a tongue of northerly 
continental winds extends across the Punjab, as shown by the northwesterly winds of 
Lahore and Peshawar at that level. This is also supported by the data for temperature 
and humidity from an aeroplane ascent at Kohat (Lat. 33° 35'N., Long. 71° 28'E.) at 
0915 hours I. S. T. on 21st July 1932. Fig. 14 shows a decrease of humidity above 2 km. 
level. During the monsoon, the continental winds are generally confined to the Punjab, 
but occasionally extend far across the Gangetic valley during a break of the monsoon. 
The rain and drizzle over West Punjab and the Kashmir hills may partly be a result of 
orographical features. Whether the flow of northwesterly winds in these regions at 2 and 
3 km. levels above the moisture-laden winds below causes instability, even to a limited 
extent, which either aided by orographical features or suitable heating of ground, may 
give rain, cannot be ascertained from the available data. But it seems that such a 
process may be at work as evinced by the thunderstorms reported during 24 hours 
previous to 8 hours on 21st July 1932 from parts of east, north and southwest Punjab as 
well as from Kashmir. 

In the charts for 22nd July 1932, the same features are repeated (See Figs. 15-19). 
Apart from rain on the coastal regions of Burma and the Peninsula and on the Chota 
Nagpur plateau the rainfall is confined to Central India, Central Provinces, Berar, Hydera¬ 
bad and north Madras. This is again caused by the ascent of the easterly over the westerly 
winds, the rainfall being in the regions over which the latter flows. At 3 km. level, 
northerly winds are seen to overrun the easterly ones, but at 4 km. level at Quetta the 
north-easterly wind contains moisture, as shown by the data from aeroplane ascent at 
Quetta at 0810 hours I. S. T. on 22nd July (vide Fig. 14). Over the wedge of the 
northwesterly continental air at 3 km. above sea, relative humidity is found to increase 
due to the northeasterly air, which forms a part of circulation of the easterly monsoon 
air. 

5 . 

We shall now discuss the characteristics associated with rainfall in Kathiawar and 
Gujarat during the period of .southwest monsoon. 

In the morning of 9th July 1932, the existence of a depression near the Orissa-Ganjam 
coast, with centre within a degree of Lat. 18°N. and Long. 78°E. was noticed. The area of 
low pressure over Baluchistan characteristic of the season was also present. The meteoro- 
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logical conditions for the date are shown in Fig. 20. The low over Sind activated the 
monsoon over Gujarat and Konkan 13 . 

By the morning of 10th July, the depression in the Bay of Bengal had moved north¬ 
westwards, and was centred 70 miles east of Puri (Lat. 19° 48'N., Long. 85° 52'E.). In 
addition to the low over Baluchistan, another area of low pressure over Gujarat, lower 
Sind and adjoining parts of north Arabian Sea appeared in the surface chart. The relevant 
features are shown in Fig. 21 and the upper winds in Figs. 22-25. 

The effect of the continental winds on the same date can be seen from Fig. 26 plotted 
from data obtained from aeroplane ascents between 9 and 10 hours I. S. T. at Peshawar 
and Quetta respectively. At Peshawar relative humidity increased only gradually from 
ground to 2 km., but aloft the air was practically saturated up to 4 km. due to the moisture 
brought in by the easterly deflected winds of the South-west monsoon. The lower humidity 
below 2 km. level was caused by the presence of the drier continental winds. At Quetta 
relative humidity decreased from 2 to 4 km. apparently due to the same reason, but above 
at the 4 km. level a slight increase in humidity is noticed associated with alto-stratus 
clouds. 

In the 24 hours preceding the conditions shown in the charts for 10th July 1932, there 
was an extension of rain in Baluchistan, 14 but a decrease in Gujarat with no rain in Sind 
was noticed. 

By 8 hours on 11th July 1932 {See Fig. 27 and consecutive figures) the depression m 
the Bay moved northwards with centre between Chandbali and Saugor Island. It re¬ 
mained practically stationary on the following day. The rainfall at 8 hours on 11th 
JulyinChota Nagpur, Orissa, Central Provinces and at 8 hours on 12th July 1932 in 
Orissa, Ganjam, Central Provinces, Berar and in some parts of Hyderabad was caused 
by the ascent of the easterly over the westerly winds of the southwest monsoon, as has 
been discussed in the previous section. This process is repeatedly illustrated by these 
charts. 

A noteworthy feature is the occurrence of thunderstorm at 8 hours on 11th July 1932 
on the plateau of Chota Nagpur and at Balasore and Saugor Island. Similarly at 8 hours 
on 10th July 1932, thunderstorm was reported from the Pachmarhi Hills. The mechanism 
of these thunderstorms, associated with warm front, is not understood at present. 

By the morning of 11th July, the low over Gujarat and the adjoining parts of the 
Arabian Sea intensified, and there was further extension of rain over Baluchistan, slight 
rainfall being reported from Sind also. Unfortunately, the upper winds at Ahmedabad 
(Lat. 23° 02'N., Long. 72° 38'E.) are not available, but the movement of stratus cloud from 
south over Ahmedaba,d, and the easterly upper winds at Karachi and Ajmer point to the 
conclusion that the rainfall in Gujarat was due to the convergence of easterly and south¬ 
westerly winds in that region. 

With the extension of rainfall in Baluchistan, the relative humidity over Quetta 
increased at all levels from 2 to 4’5 km. above sea level as compared with that on the 

13 During 2nd- 7th July, Gujarat had been receiving a fair amount of rain due to the prevalence of the south-west monsoon 
on the west coast, but no rainfall was registered in Baluchistan and Sind. In the interval of 48 hours, between the morning 
of 7th and9th July, though there was no rain in Baluchistan, there were traces of rainfall in Sind; Bikaner in West 
Rajputanaa djacent to Sind also reported 2" of rain (in the 24 hours previous to 8 hours on 9th July 1932). In the same in¬ 
terval, rainfall over Gujarat also increased appreciably, due apparently to the low, which existed over Gujarat, Kathiawar 
and lower parts of Sind in the upper air. 

14 Panjgur in Baluchistan reported 0-8' of rain. 
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previous date, whereas at Kohat (near Peshawar) it decreased, being between 70 to 80 
per cent, between 2-5 and 5 km. (vide Fig. 26). 

By 8 hours on 12th July, the depression over Gujarat had moved northwards, being 
well-marked over Cutch. The rainfall over Gujarat was well distributed and heavy 
during the preceding 24 hours. Sind received some rain, Karachi reporting 1-2". Harnai 
in Baluchistan reported -25" of precipitation and Bikaner in west Rajputana had 11" of 
rainfall. The winds at ’5 km. above Ahmedabad, were southerly and the direction of 
movement of stratus cloud was also from south. At 1 km. level over Ajmer the winds 
were from southwest, and at 3 km., easterly. These, considered with the easterly winds 
at 3 km. level at Quetta, together with stream lines at different levels, definitely show 
that the easterly winds were ascending over the southerly or southwesterly winds from the 
Arabian Sea at a height between 2 and 3 km. above sea and gave rain over Gujarat, Sind 
and Baluchistan and west Rajputana. 16 

On 12th July 1932 there was a further increase of humidity between 2 to 3 km. at 
Quetta (vide Fig. 26) as compared to that on 11th July, which also supports the above 
view, but above it the effect of the continental winds is noticeable. The slight increase 
of humidity above 4 km. is associated with the presence of alto-stratus clouds. The 
effect of the continental Winds above 2-5 km. level in decreasing the relatiye humidity is 
also noticeable in the aeroplane ascent data from Kohat on the same date but the height 
temperature-humidity curve is not reproduced here. 

The rain in the Central Provinces, Berar and Hyderabad is again due to the ascent of 
deflected easterly winds over fresh southwesterly maritime wind from the Arabian Sea. 

The low existing on the previous day over Cutch moved northwards by the morning 
of 13th July 1932, and intensified the seasonal low over Baluchistan. The wind over 
Karachi at 1 km. level was from southwest in contrast to the northeasterly winds at the 
same level on the previous day ; nimbus clouds were also moving from the same directions 
and this is to be expected from the movement of the low. The southwesterly winds 
penetrated up to 2 km. over Lahore, 16 but at 3 km. level and above the easterly winds were 
rising over the southwesterly ones. Due to this cause it was raining at 8 hours at Karachi, 
Kalat (in Baluchistan), and in some parts of Gujarat. The rain at Murree, (in extreme 
north of Punjab) and at Cherat (in North-West Frontier Province) may be mainly in¬ 
fluenced by the orographical features of the country, being in the slope of the Himalayas, 
but may, at any rate, be also partly due to instability caused by the flow of continental 
winds at 3 km. and above over Lahore and the adjoining tracts lying to the north of it. 

The branching off of upper winds at 4 and 6 km. levels to form a cyclonic system 
over Konkan, west Central India, Gujarat and the adjoining portions of the Arabian Sea 
has been deduced by Wagner 17 from stream lines. In the present case we find that the 
depression over Gujarat really existed below these levels, and extended to the ground, 
causing the easterly winds of the deflected branch of the monsoon to rise over the westerly 
winds entering India from the Arabian Sea, the latter apparently acting as the cooler 

16 The rainfall over the western slopes of the Aravalli Hills, e.g., Mount Abu, may, to some extent at least have been in 
fluenced by orography. 

16 The direction of wind at 2 km. level above sea at Quetta was easterly on 11th, whereas it was southerly, though weaker, 
on 12th. The westerly winds above 2 km. level are to be noted, denoting the presence of continental winds above that height, 
rj 17 Wagner—loc. cit. 
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layer. The westerly drier and warmer continental winds, which generally exist over 
Karachi at a height of 1—T5 km. overrunning the moist layer of air from the Arabian sea, 
give rise to an inversion. 18 In the present instance we notice that the moist air from the 
Arabian Sea penetrated to a height of at least 2 km. and probably above it. Over this 
layer the continental air was replaced by the easterly monsoon air overrunning it, and the 
rainfall was in the region swept by the maritime air from the Arabian Sea. It seems that 
for the heavy rainfall of 5-7" from Karachi, and 4-4" at Surat reported at 8 hours on 13th 
July 1924, as well as for the fairly large amount of precipitation on the previous days, 
the moisture was mainly supplied by the southwesterly winds from the Arabian Sea, which 
in the later stages of the depression had at least a thickness of 2 km. Though sounding 
balloon data are not available, it is reasonable to infer that the sweeping back of the drier 
and continental winds by the monsoon winds wipe off the inversion, and this precedes the 
conditions for the formation of rain. 

The movement of the depression into Baluchistan caused it to decline in intensity 
rapidly and die down, as the supply of moisture rapidly diminished. 

6 

From a study of the meteorological conditions prevailing in depressions originating in 
the neighbouring seas and travelling over the continent of India, it is found that Wagner’s 
ideas regarding the stationary cyclone formed during the southwest monsoon require 
modification in certain important respects. He finds that the continental air stretches 
right across the Gangetic delta and extends upwards from the ground to a height of at 
least 5 km. and forms the cold sector of the cyclone in a manner analogous to that of the 
extra-tropical cyclones. But as shown in sections 4 and 5, the easterly winds ascend 
directly over the westerly winds from the Arabian Sea, without the intervention of the 
continental winds, and cause precipitation over the central parts of the country, Gujarat 
and Sind. The drier northwesterly winds which are generally confined to north-west 
India during the period of activity of the monsoon, sometimes extend over the western 
parts of the Gangetic plain. The rainfall then is caused by the easterly winds rising over 
the drier northwesterly winds as shown in sections 2 and 3. 

The mean temperatures at ground and in the upper regions, even up to 12 or 13 km., 
traversed by the easterly winds, are always higher in July, August and September than 
those in the regions over which the westerly winds from the Arabian Sea flow. This is 
easily seen from a comparison of the mean temperatures obtained from sounding balloon 
ascents at Agra and Poona (Lat. 18° 31'N., Long. 73° 55'E,). Also sounding balloon ascents 
made at Allahabad (Lat. 25° 28'N., Long. 81° 54'E.) during two seasons of the monsoon 
give mean temperatures in the upper air practically equal to those over Agra. Hence 
the easterly winds with higher temperature and greater moisture content may under 
suitable dynamical conditions rise over the westerly winds. But another interesting result 
is obtained from a comparison of the upper temperatures on 15th July 1924 and 16th 
July 1924 with the mean temperatures in July above Poona and Hyderabad as given in 
Table 5. 

18 From data obtained from aeroplane ascents, not given here. See also “ Inversions of Lapse-rates of Temperature over 
Karachi ” by A. S. Hariharan. ‘ Ind. Met. Dept. Scientific Notes,’ Vol. V. No. 50. 
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CHARACTERISTICS OE MONSOON FRONTS. 

Table 5. 


Height in 

Gkm. 

Poona 19 and Hydera¬ 
bad Mean T.° (A) for 
July. 

Agra 16th July 1917 
T°( A.) 

Agra loth July 1924 
T°(A.) 

Agra 16th July 1924 
T°(A.) 

Surface 


300-0 

299-4 

304-3 

301-4 

1-0 . 


295-0 

297-2 

295-2 

298-5 

1-5 


292-5 

294-6 

292-7 

294-0 

2-0 . 


289-0 

291-0 

289-4 

290-1 

2-5 . 


286-5 

286-8 

286-0 

287-1 

3-0 . 


284-5 

282-7 

282-9 

283-7 

4-0 . 


278-5 

277-7 

277-3 

280-9 

5-0 . 


272-5 

272-5 

272-6 

279-2 

6-0 . 


266-5 

267-1 

267-4 

273-6 

7-0 . 


262-0 

264-6 

262-4 

268-4 

8-0 . 

• 

255-5 


256-5 



On 16th July 1917 when the continental air practically extended down to the ground, 
the temperature over Agra up to 2 gkm., due to the absorption of heat by air from the 
heated earth, was higher than the mean temperatures over Poona and Hyderabad for the 
same levels, equal at 2-5 gkm. level but less at 3 and 4 gkm. levels. At 5 gkm. the tem¬ 
peratures over Agra and Poona were again equal, but above it slightly higher over Agra 
due to the easterly winds penetrating these levels. 


Similarly on 15th July 1924 when the southwesterly humid air from the Arabian sea 
and the easterly moist winds were penetrating the regions near Agra occupied by the 
continental air, the temperatures over Agra from 1 to 2*5 gkm. were practically identical 
with the means for the same levels over Poona. At 3 and 4 gkm. the presence of more or 
less unmixed continental air can be inferred from the lower temperatures, but above it 
the temperatures over Agra were either equal to or slightly higher than those over Poona 
due to the easterly winds. On the next evening, when the easterly winds held complete 
sway at 4, 5, 6 and 7 gkm. the temperatures appreciably increased and were higher than 
those over Poona for identical levels. But the continental air can still be identified at 
3 and 2-5 gkm. levels, as the temperatures were slightly lower or nearly equal to the values 
at the corresponding levels above Poona. Below 2-5 gkm. the temperatures were again 
higher due to the increase in moisture-content. 

Therefore it appears that the presence of continental winds forming the cold sector of 
a stationary cyclone over the Gangetic valley, as pictured by Wagner, would have resulted 
in the mean temperatures of the upper air over Agra and Allahabad being either lower or 
at most equal to those for the corresponding levels over Poona. But the results in 
general are otherwise. 

If the continental winds do not take part in the depressions during the active period 
of the south-west monsoon, our attention naturally turns towards the investigation of 


x * The heights of Poona (Lat. 18° 31'N„ Long. 73° 55'E.), Hyderabad (Lat. 17° 20'N„ Long. 78° 30'E.) and Agra (Lat. 27° 
10'N., Long. 78° 05'E.) above sea-level are -56 km., -52 km. and -17 km. respectively. The absolute values of temperature 
over Agra for 16th July 1917, 15th July 1924 and 16th July 1924 may slightly be in error due to the omission of a procedure 
during calibration of the meteorographs (*.«., putting the final test mark to allow for the zero-shift of the temperature-pressure 
pen, vide Chatterjee and Sur, “ The Thermal Structure of the Free Atmosphere over Agra ”, ‘ Gerlands Beit, zur Geophysik/ 
Vol. 25, 1930 p. 268), but the magnitude of error is not great so as to vitiate the inference drawn from the comparison. 


















N. K. SUB. 




their structures. The writer hopes to return soon to it and to allied problems relating 
to the monsoon. 

I have great pleasure in recording my thanks to Mr. G. Chatterjee, Meteorologist- 
in-Charge, Upper Air Observatory, Agra, who has kindly placed the sounding balloon data 
of July 1924 collected by him at my disposal, and to Messrs. J. C. Roy, Krishna Chandra 
and Brij Mohan, of the Observatory, for help in computation of data and in preparing the 
diagrams. 
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DISCUSSION OF RESULTS OF SOUNDING BALLOON ASCENTS 
AT POONA AND HYDERABAD DURING THE PERIOD 
OCTOBER 1928 TO DECEMBER 1931 


BY 

K. R. Ramanathan, M.A., D.Sc., 

AND 

K. P. Ramakrishnan, B.A. 

(Received 18th November 1933.) 

Summary .—The paper contains a discussion of the monthly mean values of temperature, humidity, pressure, and 
derived quantities like lapse-rate, density and potential temperature obtained from sounding balloon ascents at Poona 
and Hyderabad in the Deccan during the period October 1928 to December 1931. Mean monthly differences of pres, 
sure and temperature between the Deccan and Agra and between the Deccan and Batavia are also discussed in their 
relation to the general upper wind circulation. The types of transition from the troposphere to the stratosphere and 
their seasonal distribution are analysed. Observations on a few individual days with relevant notes on the weather 
situation are given to illustrate (a) the daily temperature differences at different levels between Agra and the Deccan 
and (b) the nature of the variation of humidity with height. Up-to-date normal winds from pilot balloon ascents are 
used in the clothes-line diagrams given with the mean monthly tephigrams. 

1. Introduction. 

In a previous Memoir 1 , one of tlie authors has discussed the results of sounding balloon 
ascents made at Agra during the period March 1925 to July 1928. In October 1928, a 
few months after the opening of the new Meteorological Office at Poona, sounding balloon 
work was started in the Deccan and the present paper contains a discussion of the results 
obtained from the soundings during the next three years. The data of individual ascents 
have been published in the Upper Air Data, Part 14, of the India Meteorological 
Department. 

The meteorographs employed were of the Dines type and the balloons generally of 
‘ vulpro ’ tissue. A few balloons were of India-rubber and were imported. The records 
were made on graphited glass plates and were worked out from enlarged drawings ob¬ 
tained by optical projection with a magnification of 40-50. The meteorographs, balloons 
and graphited glass plates were supplied by the Upper Air Observatory, Agra. The total 
number of records used in the present discussion is 143 of which 78 were obtained from 
ascents at Poona and 65 from Hyderabad in the Deccan. Their monthly distribution is 
shown in Table 1. (The reason for letting off the balloons from Hyderabad instead of from 
Poona during the months June to October was that, owing to the prevalence of 
easterly winds above 6 km. in this season, the balloons would be carried westwards and 
fall into the sea if let off from Poona.) 

Table 1. 


Month. 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

Total. 

Poona 18° 32' N.; 73° 51' E. 

12 

15 

7 

5 

8 

1 

3 

0 

2 

5 

7 

13 

78 

Hyderabad 17°20'N.; 78°30'E. 






4 

10 

10 

21 

15 

5 


65 


(Memoirs of the India Met. Dept., Vol. XXVI, Part IV.) 
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All the instruments were let off between 17 hrs. and 19 hrs. (I. S. T.). It is therefore 
unlikely that, even at the top of the ascent, the records are affected by insolation. The 
numbers of records giving data up to different heights are shown in Table 2. 


Table 2. 


Height (gkm.). 

10 or lower. 

101 

to 12. 

121 
to 14. 

14-1 
to 16. 

16-1 
to 18. 

181 
to 20. 

20*1 
to 22. 

221 
to 24. 

24* 1 
to 26. 

26* 1 
to 28. 

Number 

143 

130 

125 

122 

no 

66 

■ 31 

8 

5 

i 


It will be seen that nearly 75 per cent, of the balloons reached heights exceeding 16 
dynamic kilometres. The greatest height reached was 28-1 gkm. on 3rd December 1931 
and the lowest temperature recorded was 183 o, 0 A at 17 gkm. on 14th May 1930. 

The units used are, as in the memoir on Agra results, millibars, degrees Centigrade-f- 
273, and dynamic kilometres (gkm.). When there were ascents both at Poona and at 
Hyderabad in a month, they have all been used in preparing the means for the month. 

2. Temperature. 

Table 3 shows the monthly and annual mean temperatures (see also Fig. 1). The 
number of observations and the standard deviations of temperature in each month and at 
each level are given in Table 4. The values of temperature are given for each half-km. 
step up to 3 gkm. and for each kilometre thereafter. 


Table 3. — Mean Monthly and Annual Temperatures (°A). 


Height (gkm.). 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Mean. 

Bange. 

25 


14*5 






17*0 



22*0 

12*5 

216*5 

9*5 

24 

# , 

14*0 

180 




.. 

15*5 



190 

110 

215*5 

8*0 

23 

# . 

14*6 

14*0 


., 



14*5 

.. 


18-0 

13*5 

215*0 

4*5 

22 


11*0 

100 





13*5 

. 


10*0 

14*5 

212*0 

4*5 

21 

17:5 

07*0 

06*0 



•• 


11*5 

10*0 

0*8*0 

02*0 

140 

209*5 

15*5 

20 

140 

07*0 

04*0 


04*5 


04*5 

09*0 

030 

04*5 

98*5 

09*5 

206*0 

15*5 

19 

04*5 

01*0 

98*0 

940 

99*0 


oo-o 

030 

01*0 

06*0 

960 

050 

200*5 

12*0 

18 

00*5 

99*0 

96*5 

93*5 

94*0 

93*0 

960 

02*0 

96*5 

00-5 

95*5 

00-5 

197*0 

9*0 

17 

94*5 

99*0 

92*0 

94*5 

90*5 

92*5 

94*5 

96*5 

95*0 

94*5 

920 

95*5 

194*5 

8*5 

16 

94*5 

00*5 

95*0 

94*5 

91*0 

94*0 

93*5 

96*0 

94*0 

93*5 

92*5 

94*5 

194*5 

9*5 

15 

97-5 

04*5 

99*0 

98*5 

96*0 

99*0 

984) 

00*0 

98*0 

97 *5 

97*0 

99-0 

198*5 

8*5 

i4 

010 

09*0 

05*0 

04*5 

04*0 

06*0 

06*0 

07*5 

06*0 

05-0 

04*0 

05*0 

205*5 

8*0 

13 

09-0 

16*0 

12*0 

09*0 

14*0 

15*5 

14*5 

16*0 

14*5 

13*0 

12*5 

12*0 

213*0 

7*0 

12 

18-0 

23*0 

20*0 

18*5 

22*0 

24*0 

23*0 

23*5 

23*0 

21*5 

21*0 

20-0 

221*5 

6*0 

11 

26-0 

30*0 

27*0 

26*5 

30*0 

32*0 

31*5 

32*0 

31*5 

300 

29*5 

28*0 

229*5 

6*0 

10 

350 

37*5 

350 

35*0 

380 

39*5 

40*0 

39*5 

39*5 

38*5 

380 

35*6 

237*5 

5*0 

9 

42*5 

44*5 

43*0 

43*5 

46*0 

48*0 

47*5 

47*0 

47*5 

46-0 

46*0 

43*0 

245*5 

5*5 

8 

49*5 

51*0 

50*5 

50*0 

53*5 

55*0 

550 

55*0 

54*5 

53*5 

53*5 

51*0 

252*5 

5*5 

7 

56*5 

58*0 

58*5 

57*5 

60*5 

61*5 

61*5 

61*0 

61 *5 

59*5 

60*0 

59-0 

259*5 

5*5 

6 

63*0 

63*5 

64*5 

63*5 

67*0 

67*5 

665 

67*0 

67*0 

66*0 

66-0 

64*5 

265*5 

4*5 

5 

69*5 

69*0 

70*5 

69*5 

72*0 

73*5 

72*5 

73*0 

72*5 

720 

720 

71*0 

271*5 

4*0 

4 

76*0 

75*5 

74*5 

76*0 

78*0 

79*5 

78*0 

77*0 

78*0 

78-0 

77*5 

76*5 

277*0 

5*0 

3 

80*5 

82*0 

81*5 

84*0 

85*5 

86*0 

83*5 

82*5 

83*5 

82*5 

83*0 

80*5 

283*0 

5*5 

2*5 

82*5 

85-5 

86*5 

89*0 

89*0 

89*0 

86*0 

85*0 

86*5 

85*5 

84*5 

82*5 

286*0 

6*5 

2 

86-5 

90*0 

91*5 

93*5 

93*5 

91*5 

890 

89*0 

89*0 

88-0 

87-0 

86-0 

289*5 

7*5 

1*5 

91*0 

94*5 

96*0 

98*0 

97*0 

96*5 

92*5 

92*0 

92*5 

92*0 

91*5 

90*0 

293*5 

7*0 

1 

96*0 

99*0 

99*5 

03*0 

020 

00*5 

95*5 

95*0 

96*5 

96*0 

95*0 

94*0 

297*5 

8*5 

SUKFACE (0*54) 

00*5 

030 

04*5 

06*0 

06*0 

03*5 

99*5 

01*0 

99*5 

99*0 

00 0 

97*5 

301*5 

9*0 


N.B .—The hundreds figure has been omitted except in the annual means. 
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Table 4. —Standard deviations of temperatures, with number of observations. 


Height ( gkm .). 

Jan¬ 

uary. 

Feb¬ 

ruary. 

March. 

April. 

May. 

June. 

July. 

August. 

Septem¬ 

ber. 

October. 

Novem¬ 

ber. 

December. 


n 

a 

n 

or 

n 

G 

n 

a 

li 

G 

n 

G 

n 

G 

n 

c 

n 

G 

n 

a 

n 

a 

n 

a 

20 

2 

10 

8 

7-6 

2 

1-2 



3 

1-8 



1 

0 

5 

1*9 

2 

3-5 

1 

0 

2 

2*5 

5 

44 

19 

6 

6-4 

11 

8-3 

3 

2-6 

2 

11 

3 

2-4 



1 

0 

6 

4-7 

3 

4-1 

3 

4-5 

3 

5-2 

6 

4-7 

18 

6 

4-7 

14 

7-1 

4 

2-1 

3 

2-2 

5 

2-9 

2 

1-8 

2 

0-8 

8 

6-0 

3 

5-5 

8 

6-7 

4 

4-6 

9 

40 

17 

8 

5-0 

15 

5’8 

5 

4-0 

3 

0-7 

5 

4-6 

3 

2-2 

4 

2-9 

9 

5*9 

9 

3-9 

15 

5-0 

4 

2-9 

9 

3*1 

16 

10 

4-6 

15 

5-3 

7 

4-3 

4 

5*0 

5 

5*3 

4 

1*5 

7 

3-0 

9 

4-4 

16 

4-0 

16 

3-4 

7 

2-8 

9 

4*2 

15 

10 

4*4 

15 

4-1 

7 

4-6 

5 

6-8 

6 

4-7 

4 

1*8 

9 

3-3 

10 

5*0 

16 

4-5 

17 

3-1 

7 

2-9 

10 

4*3 

14 

11 

51 

15 

30 

7 

3-6 

5 

5-1 

6 

3-0 

4 

20 

9 

31 

10 

4-8 

18 

3-8 

17 

4-2 

8 

2-8 

11 

40 

13 

11 

4-8 

15 

2*5 

7 

2’9 

5 

4-3 

6 

2-5 

4 

2’3 

9 

2*6 

10 

4-6 

19 

3-6 

17 

3*9 

8 

2*5 

11 

4-0 

12 

11 

3*5 

15 

3*9 

7 

2-6 

5 

3-5 

6 

2*2 

4 

1-8 

9 

2-1 

10 

3 5 

19 

2-7 

18 

3-2 

9 

2*5 

11 

3*1 

11 

12 

3-8 

15 

3-7 

7 

2‘0 

5 

3-2 

6 

1*9 

4 

1-8 

10 

2-1 

10 

3-4 

19 

2-1 

18 

2-8 

9 

2-5 

12 

2*9 

10 

12 

3-3 

15 

3-8 

7 

2-4 

5 

3-6 

6 

1*6 

4 

1-8 

11 

1-9 

10 

2-7 

19 

2-0 

18 

2’5 

10 

2-5 

12 

2-4 

9 

12 

2-6 

15 

3-6 

7 

2-0 

5 

3-4 

7 

1*2 

4 

1*7 

11 

1*9 

10 

30 

21 

20 

18 

2-0 

10 

2-3 

12 

2*3 

8 

12 

3-5 

15 

2-9 

7 

1-9 

5 

2-8 

8 

11 

4 

1*3 

13 

1*7 

10 

2-6 

21 

1-9 

18 

1*9 

10 

1*9 

12 

2-5 

7 

12 

2-5 

15 

2*4 

7 

1*6 

5 

3-4 

8 

1-8 

4 

1-4 

13 

1*8 

10 

2-2 

21 

1*6 

19 

1*8 

11 

1-0 

12 

2-0 

6 

12 

2*1 

15 

1-8 

7 

1-0 

5 

3-3 

8 

1*5 

5 

2-5 

13 

1-6 

10 

1*6 

21 

15 

19 

1*7 

11 

1-2 

13 

1*6 

5 

12 

1*8 

15 

1-4 

7 

2-2 

5 

2-3 

8 

1*7 

5 

2*1 

13 

0-9 

10 

1*2 

22 

1*4 

20 

1*4 

11 

1*2 

13 

1-8 

4 

12 

20 

15 

1-5 

7 

1*7 

5 

1*4 

8 

2’0 

5 

1-9 

13 

10 

10 

1-4 

23 

1*6 

20 

1*6 

11 

1-5 

13 

1-6 

3 

12 

1-6 

15 

1-9 

7 

1*5 

5 

1*2 

8 

2-7 

5 

1-8 

13 

1*2 

10 

1*5 

23 

1*2 

20 

1*8 

11 

1-1 

13 

21 

2 : 

12 

1-3 

16 

3-0 

6 

2-4 

5 

1*3 

8 

2-8 

5 

3-0 

13 

1-3 

10 

1-5 

23 

1*7 

20 

1-8 

11 

1-7 

18 

1*7 

i 

12 

1*8 

15 

2*8 

6 

2-2 

3 

0-7 

5 

3-7 

4 

2-2 

8 

1*6 

7 

1*5 

22 

11 

19 

2*3 

10 

1*2 

13 

1>6 


[ N.B. —n=number of observations; ^standard deviation.] 


Seasonal mean temperatures are given in Table 5. For the purpose of this Table, 
(and also for Table 8), the year has been divided into four seasons as follows :— 

(а) Cold season. —November, December, January and February. 

(б) Hot season. —March, April and May. 

(c) Monsoon season. —June, July, August and September, and 

(d) Post-monsoon (transition) season. —October. 

This division is slightly different from the one adopted in the memoir on Agra results, 
but owing to climatological differences between Poona and Agra, the difference is un¬ 
avoidable. 

Table 5.—Seasonal mean temperatures. 


Height (gkm.). 

Temperatures (°A). 

Height (gkm.). 

Temperatures (°A). 

November, 

December, 

January 

and 

February. 

March, 

April 

and 

May. 

June, 

July, 

August 

and 

September. 

October. 

November, 

December, 

January 

and 

February. 

March, 

April 

and 

May. 

June, 

July, 

August 

and 

September. 

October. 

20 

207-5 

204-5 

205-5 

204-5 

10 

36-5 

30-0 

39-5 

38-5 

19 

02*2 

197-0 

01-5 

06-0 

9 

44-0 

44-0 

47-5 

46-0 

18 

199-0 

940 

197-0 

00-5 

8 

51-5 

50-5 

55-0 

53-5 

17 

95-5 

92-5 

94-5 

194-5 

7 

58-5 

59*0 

61-5 

59-5 

16 

95-5 

93-5 

94-5 

93-5 

6 

64-0 

65-0 

67-0 

66-0 






5 

70-5 

70-5 

73-0 

72*0 






4 

76-5 

76-0 

78-5 

780 






3 

81-5 

84-0 

84-0 

82-5 

15 

99-5 

98-0 

98-5 

97-5 

2-5 

84-0 

88-0 

86-5 

85*5 

14 

2050 

204-5 

206-5 

205-0 

2 

87-5 

93-0 

89-6 

88*0 

13 

12-5 

11-5 

15-0 

13-0 

1-5 

91-5 

97-0 

93-5 

920 

12 

20*5 

20-0 

23-5 

21-5 

1 

96-0 

301-5 

97-0 

96-0 

11 

28-5 

28-0 

31-5 

30-0 











Surface (0-54) 

300-0 

05-5 

301-0 

99*0 
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The lowest temperature at all levels up to 14 gkm. occurs in the winter months Decem¬ 
ber and January. The high values of temperature between 12 and 18 gkm. in February 
should be considered abnormal. The highest temperatures near the surface and up to 
2 gkm. occur in April to May and shift over to June between 3 and 6 gkm. The high tem¬ 
peratures from the surface to 3 gkm. during April to June are due mainly to ground 
heating by insolation. From June to July, with the setting in of the monsoon there is a 
sharp drop in temperature at all levels up to 4 gkm. and the lower temperature continues 
during the rest of the year with a feeble maximum in September-October. In the months 
May to September, there is a flat maximum of temperature between the levels 5 and 
14 gkm. This is partly caused by the liberation of heat in the atmosphere due to thunder¬ 
storm rain in May and monsoon rain in the other months. As the observations between 
June and September refer to Hyderabad and as the upper winds above 5 or 6 gkm. are 
invariably from the east, the rainfall causing the heating must be that which occurs in the 
Bay of Bengal, Burma and Indo-China. The seasonal variation of temperature is a 
maximum at the surface and decreases with height to a minimum at 5 gkm. It 
remains comparatively small from 5 to 12 gkm. and increases again thereafter. I he 
secondary maximum of seasonal variation shown by Agra temperatures at 10 gkm. does 
not appear here. 

The remarkably small variability of temperature in all the months of the year (Table 
4) gives an estimate of the significance of the means. 



3. Lapse-rates. 

In discussing lapse-rates near the ground, it has to be remembered that the data 
refer to evening hours, generally half to one hour before sun-set and do not all refer to the 
same place. During July, August and part of September, low and middle clouds are very 
common. Table 6 shows the mean lapse-rates in each month of the year; and Table 7 
the seasonal mean lapse-rates (see also Fig. 2). Seasonal frequencies of lapse-rates are 
given in Table 8. It will be seen that the most frequent values of lapse-rate occurring in 
any season are more or less the same as the mean lapse-rates for the season. The day to 
day variation of lapse-rates is largest in winter and smallest in the monsoon. 


Table 6.—Mean Monthly Lapse-rates (in °C per dynamic kilometre). 


Layer (gkm.). 

Jan. 

I'eb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

mean. 

20—19 

—3-3 

-5-1 

—7-3 


—5*6 


—-4-5 

—4*1 

—3-8 

—4*6 

—6*0 

—5-3 

—5-0 

19—18 

—4*2 

-1-3 

—2-3 

—1-5 

—5-2 


—5*0 

—3-4 

—4*3 

—5-0 

—2*6 

—5-1 

—3*6 

18—17 

—4-3 

01 

—1-5 

1-5 

—36 

—1*6 

—1-3 

—6*3 

—3-7 

-5-2 

—3-3 

—4-3 

—2-8 

17—16 

0-2 

1-4 

37 

3-5 

2-4 

0-7 

1*8 

0*0 

—0*4 

0*0 

—0-7 

0*1 

—1-0 

0-7 

16—15 

3-2 

4-1 

3-8 

5-5 

5-2 

4-7 

4*7 

3-9 

4*4 

4*7 

5*1 

4-4 

16—14 

3-5 

4-8 

6-1 

6-2 

8*4 

7*1 

7*9 

7-8 

8*2 

7-1 

7*1 

6-0 

6-7 

14—13 

8-0 

7-1 

6-9 

5*4 

9*7 

9*3 

8-8 

8-5 

8*9 

8-5 

8*3 

7-1 

8-0 

13—12 

91 

70 

7-7 

8*5 

8*2 

8*7 

8*6 

7*8 

8*6 

8-6 

8*7 

8*0 

8-3 

12—11 

8*9 

7-3 

7*4 

8*2 

7*6 

8*0 

8*6 

8*0 

8-7 

8*5 

8*5 

8*4 

8-2 

11—10 

9-0 

7*4 

8-0 

8*5 

8*1 

7-5 

8*7 

7*4 

8*2 

8*1 

8*4 

7-7 

8*1 

10—9 

7-7 

6-9 

7-9 

8*4 

8*3 

8-5 ' 

7-6 

8*1 

7-7 

7*6 

7-9 

7*2 

7-8 

9—8 

71 

6-8 

7-4 

6-7 

7*1 

6-7 

7-1 

7*8 

7-0 

7-5 

7-5 

7*9 

7-2 

8—7 

6-6 

6-6 

7-9 

6-4 

7*0 

6*5 

6-5 

6-2 

6-8 

6-5 

6*3 

8*0 

6-8 

7—6 

6-6 

5-5 

6-1 

5-8 

6-7 

5-1 

5*0 

6-0 

5-8 

6-3 

6*0 

5*9 

5-9 

6—5 

6-9 

5-7 

6-3 

6-2 

4*8 

5-8 

6-1 

5*9 

5*5 

6-0 

6*1 

6*3 

5-9 

5—4 

6-1 

6-2 

3-7 

6-5 

6-0 

6-3 

5*6 

4*7 

5-6 

5*8 

5-6 

5-5 

5-6 

4—3 

4-9 

6-6 

7-3 

8*1 

7*8 

6-3 

5-3 

4-5 

5-3 

4-9 

4*9 

3-8 

5-8 

3—2-5 

3-8 

7-5 

8*3 

9*6 

8*0 

5-9 

5*2 

5*5 

5-6 

5*5 

31 

4*6 

6-1 

2-5—2 

a-o 

8-6 

10-2 

9*0 

8-2 

5-6 

5-5 

6*9 

5-8 

5-5 

5-9 

7*0 

7-2 

2—1-5 

8-9 

90 

8*7 

8-1 

7*0 

7-9 

5-9 

7-0 

7-0 

6-9 

7*9 

7-7 

7-9 

1-5—1 

9-2 

9-6 

7*4 

8-8 

8-8 

8-4 

6-7 

8*1 

7*1 

7*7 

7-6 

8*3 

8-1 
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Table 7.—Seasonal Mean Lapse-rates. 
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<SL 


... i . .. 

Layer (gkm.). 

Lapse-rates (°C/gkm.). 


November, 

December 

January 

and 

February. 

March, 

April 

and 

May. 

June, 

July, 

August 

and 

September. 

October. 

Layer (gkm.). 

20—19 

—4-9 

-6-5 

—41 

—4-6 

10—9 

19—18 

-3-3 

—3*0 

-4-2 

—50 

9—8 

1 8—17 

-2-9 

-1-2 

—3-2 

— 5-2 

8—7 

17—16 

0-2 

2-2 

0-3 

-0-7 

7—6 

16—15 

4-2 

4-5 

4-6 

4-4 

6—5 

15—14 

5*3 

6-9 

7-7 

7-1 

5—4 

4—3 

14—13 

7-6 

7-3 

8-9 

8-6 

3-2-5 

13—12 

8-2 

8-1 

8-4 

8-6 

2-5-2 

12—11 

8-3 

7-7 

8-3 

8-5 

2-1-5 

11—10 

8-1 

1 

8-2 

7-9 

8-1 

1-5-1 


Lapse-bates (°C/gkm.). 


January 

and 

February, 


7-4 

7-3 

6*9 

(5-0 

6- 3 

5-9 

51 

4-7 

7- 4 

8- 4 
8-7 


March, 

April 

and 

May. 


8-2 

71 

7-1 

6-2 

5-8 

5*7 

7- 7 

8 - 6 
91 

7- 9 

8- 3 


June, 

July, 

August 

and 

September. 


8-0 

7-1 

6-5 

5-5 

5-8 

5-5 

5-3 

5-5 

5- 9 

6- 9 

7- 6 


October.. 


7-6- 

7-5 

6 * 5 ' 

6-3* 

6-0* 

5*8 

4- 9 
5*5 

5- 5 

6- 9 

7- 7 


Table 8.—Seasonal Frequencies op Lapse-: 


rates. 


Layer (gkm.). 


Range of Lapse-rates. 


<—3-9 


—3-9 

to 

—2*0 

—1-9 
to 

0 

0-1 

to 

2*0 

2-1 

to 

4*0 

4-1 

to 

6*0 

6*1 

to 

8*0 

8-1 

to 

10*0 


>10*0 


Total No. of 
Obsns. 


(a) November, December, January and February. 


19—20 

18—19 

17—18 

16—17 

15—16 


14—15 

13—14 

12—13 

11—12 

10—11 


9—10 

8—9 
7—8 
6— 1 7 
5—6 


4—5 

3—4 

2-5—3 

2—2*5 

1 - 6—2 

1—1-5 


9 

10 

12 

6 


5 

5 

10 

2 


1 

1 

7 

19 


2 

10 

7 

3 


1 

7 

12 


13 

10 

5 

1 

3 


4 

9 

10 

21 

24 


27 

25 

16 

11 

3 

2 


10 

15 

12 

21 

18 


26 

24 

24 

23 

20 


22 

11 

10 

15 
19 

16 


6 

11 

23 

22 

27 


17 

16 

13 

3 

6 


1 

3 

9 

18 

25 

18 


4 

4 

11 


16 

24 

31 

37 

42 


43 

46 

46 

46 

49 


50 

50 

50 

51 

52 


52 

52 

52 

52 

51 

49 


0 
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Table 8.—Seasonal Frequencies of Lapse-rates— contd ■ 



Range of Lapse-rates. 


Layer (gkm.). 

<-3-9 

—3-9 

to 

—1*9 

to 

0*1 

to 

2-1 

to 

41 

to 

6-1 

to 

8-1 

to 

>100 

Total No. of 
Obsns. 



—20 

0 

2-0 

4-0 

6-0 

8-0 

10-0 



(b) March, April and May. 


19—20 

4 

1 








5 

18—19 

2 

4 

2 







8 

17—18 

3 

l 

5 

2 

1 





12 

16—17 


1 

1 

3 

G 

2 




13 

15—16 



1 

1 

3 

9 

1 

1 


16 

14—15 





1 

7 

5 

3 

2 

18 

13—14 





o 

4 

4 

4 

4 

18 

12—13 







10 

7 

1 

18 

11—12 






1 

11 

6 


18 

10—11 






1 

9 

6 

2 

18 

9—10 







10 

6 

2 

18 

8—9 






5 

9 

5 


19 

7—8 






3 

11 

6 


20 

6—7 






7 

13 



20 

5—6 




1 

3 

8 

6 

2 


20 

4—5 




2 

4 

6 

6 

2 


20 

3—4 






4 

7 

9 


20 

2-5—3 




1 


1 

4 

13 

1 

20 

2-2-5 







6 

9 

4 

19 

1-5—2 





1 

3 

* 5 

6 

2 

17 

1—1-5 

1 




2 

3 

6 

1 

12 


(c) June, July, August and September. 


19 

-20 

4 

4 





| 



8 

18- 

-19 

4 

4 

1 

1 



1 



10 

17- 

-18 

11 

1 

1 

2 






15 

16- 

-17 

3 

5 

6 

4 

6 

1 




25 

15- 

-16 


1 

2 

3 

9 

12 

5 

3 

1 

36 

14- 

-15 





1 

6 

15 

14 

3 

39 

13- 

-14 






1 

12 

21 

7 

41 

12- 

-13 







16 

23 

2 

41 

11- 

-12 







16 

23 

2 

41 

10- 

-11 






1 

21 

20 


42 

9- 

-10 






1 

25 

16 

1 

43 

8- 

-9 






3 

36 

6 


45 

7- 

-8 






11 

32 

3 


46 

6- 

-7 




1 

3 

29 

14 



47 

5—6 





2 

28 

17 

1 


48 

4- 

-5 





6 

26 

16 

1 


49 

3—4 





10 

26 

13 

1 


50 

2-5- 

-3 


1 



9 

25 

13 

2 

1 

51 

2- 

-2-5 



1 

6 

1 

18 

19 

4 

1 

50 

1-5- 

_2 



1 


3 

14 

18 

9 

3 

48 

1 - 

-1*5 





5 

7 

13 

11 

3 

39 


(d) October. 
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In November, December and January, the lapse-rate is high up to 2-5 gkm. and this 
is followed by a region of small lapse-rates which in individual cases extends to 4 gkm. 
Analysis of the sources of air supply in this season shows that, while the air both above and 
below this region has ultimately its origin in the westerly zonal circulation of north-west 
India, the air below 2 km. over Poona has had a longer travel over land, skirting over the 
seasonal high pressure area which lies over Central India and the Central Provinces, and 
thus has had the opportunity of becoming surface-heated by day. In this connection, it 
has to be remembered that ground heating by day and ground cooling by night cannot 
produce exactly contrary effects. Ground cooling promotes stratification and is confined 
to the layer near the surface not exceeding half a kilometre in thickness while ground 
heating increases the lapse-rate and promotes mixing up of the layers. In the hot season 
months, March and April, the region of high lapse-rates extends upwards. In May also high 
lapse-rates generally extend to 4 gkm., but, owing to the effect of occasional thunder¬ 
storm rains, the lapse-rates tend to get smaller. In Agra during April and May high lapse- 
rates extend to 4—5 gkm. Instances of super-adiabatic lapse-rates in the lower layers 
(up to 2*5 gkm.) occur in all the seasons, but are rare in the monsoon. 

In Table 9 are given the frequencies of lapse-rates above 15 gkm. irrespective of season. 
The results of 39 ascents in 1932 have also been added in preparing this table. 


Table 9.—Frequencies of Lapse-rates irrespective of season above 15 gkm. 



In all seasons, the region 10—14 gkm. is characterised by high lapse-rates. Over Agra 
high lapse-rates at these levels generally occur in the months May to October. The exis¬ 
tence of a layer of high lapse-rates in the upper part of the troposphere has been ex¬ 
plained 2l 3 as being due to a rapid change with height of the net loss of energy by radiation 
from the water-vapour present in those layers. Lapse-rates slightly more than the dry 
adiabatic and extending over a thickness of 1—2 gkm. are not uncommon at thes e 
levels ; they are not confined to any particular season. 

4. The Tropopause. 

There is invariably a permanent inversion over Poona or Hyderabad which usually 
lies between 16 and 18 gkm. and which may be considered to be the “ tropopause ”. Its 

c 2 
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mean height is 16*6 gkm. and mean temperature 192°-5A. Above the tropopause, as in 
other places in the tropics, the temperature increases with height and reaches a value of 
about 217 °A at 24 gkm. The rate of increase is largest immediately above the tropopause 
and gradually decreases with height. We cannot form any definite conclusion regarding 
the seasonal variation of temperature in the stratosphere, except that it is small. 

In the department’s annual publication of Indian sounding balloon data and in the 

discussion of Agra soundings, the nature of the transition from the troposphere to strato¬ 
sphere is classified into four types,—types I, II and III of which are defined according 
to the same conventions as those in use in the London Meteorological Office. Type IY 
is a composite type in which the transition from troposphere to stratosphere takes place 
in two stages. A further examination of the data shows that with a slightly extended 
meaning, the composite type of transition is much more common than it was originally 
considered to be. At Agra, in the composite type of transition which takes place in two 
stages and occurs fairly frequently in the months November to April with the lowe r 
transition at 12—13 gkm. and the upper at 16—18 gkm., the lower transition is usually 
a sharp decrease of lapse-rate sometimes getting to isothermal above the transition and 
extending over a thickness of 2—5 gkm. while the upper transition is invariably an inver. 
sion but just below the upper inversion there is, in many cases, a region of decreasing 
temperatures with height, of about 2 gkm. in thickness, where the lapse rate is of the 
order of 3 to 6 °C/gkm. This type of structure can be explained as being due to a 
meridional movement of air in the neighbourhood of the tropopause, the upper transi¬ 
tion corresponding to the tropopause of tropical latitudes and the lower one to that of 
temperate latitudes *• B . In Poona also, tropopauses of this type are fairly frequent but 
the lower transition is less conspicuous and at a higher level than at Agra. Owing to 
the interposition of a layer of falling temperature with height, this type of transition 
would not be classified as one of type IV, but the physical nature is essentially the same. 
A full consideration of the question would involve the discussion of the variation of tem¬ 
perature with height at a few other stations also and is reserved for a separate paper. A 
summary of the analysis of Poona and Hyderabad data may, however, be included here. 

Of 86 cases examined, 20 were of the non-composite type in which the stratosphere 
starts abruptly with an inversion and 66 of the composite type. In 40 of the latter there 
was no region of positive lapse-rate greater than 2°C/km. between the lower and upper 
transitions and in the remaining 26 such a region was present. To prevent confusion with 
the previous classification, we shall call these types A, B and C. The mean heights of 
tropopause of type A is 16-1 gkm. ; the mean upper height for types B and C 16-9 gkm. 
and the mean lower heights 14-7 and 14-4 respectively. The mean temperature of the 
tropopause is 192°-5 if we take the temperatures of A and those of the upper heights of 
B and C. If on the other hand, we take the temperatures of A and of the lower heights 
of B and C, the mean temperature is 198°. The corresponding mean heights are 16-6 
and 14-9 gkm. In type C, the mean thickness of the region of positive lapse-rate is 1*3 
gkm. and the mean lapse-rate 5°€/gkm. Representative height temperature curves of 
the three types are shown in Fig. 3. 

Dividing the year into two parts, November to April and May to October, the relative 
distribution of the three types and the frequencies of different values of the lower and 
upper heights for all composite transitions are given in Table 10. 
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Table 10.—Types of tropopause and frequencies of lower and upper heights for 

COMPOSITE TRANSITIONS. 










Frequencies 

OF HEIGHTS OF 





in o. oi records 
with transition of 
type: 


Lower transition. 



Upper transition. 




A 

B 

C 

111 
to 12. 

12*1 
to 13. 

13*1 
to 14. 

14*1 
to 15. 

15*1 
to 16. 

16-1 
to 17. 

14*1 
to 15. 

15*1 
to 16. 

16*1 
to 17. 

171 
to 18. 

181 
to 19. 

191 
to 20. 

November— 
April. 

6 

22 

21 

1 

4 

12 

16 

10 



10 

14 

15 

2 

2 

May— 

October 

14 

18 

5 



4 

5 

12 

2 

1 

2 

13 

6 

1 

•• 


5. Temperature-differences between Poona, Agra and Batavia. 

Although the general nature of the variations of temperature with latitude at different 
heights is known, it is worth while examining in some detail the annual variation of the 
differences of temperature between Agra, Poona and Batavia as it brings out clearly the 
great influence of moisture and of radiation in continental and oceanic areas in altering 
the temperature of the atmosphere in the tropics. Differences of temperature between 
Poona (or Hyderabad) and Agra ( P-A ) and between Poona and Batavia (P-B) are given 
in Table 11 (see also Fig. 4). 

In the months November to April, Poona is warmer than Agra up to 11—13 gkm. 
and cooler above. The contrast of temperature is largest near the surface and at another 
height which lies in the neighbourhood of 8 gkm. There is an intermediate level which 
varies from 2 to 5 gkm. at which the temperature contrast is a minimum. This minimum 
appears to be due to a comparatively low temperature at Poona rather than to a high 
temperature at Agra and connected with the existence of a high pressure area over the 
Deccan, which causes the transport of air from north-west India after a clockwise cir¬ 
culation. 

When we consider the difference of temperature between Poona and Batavia in the 
same months we see that, while in the lowest layer Poona temperatures are higher, they are 
in defect from 5 to 12 gkm. The former result is due to the difference in the times of 
ascent at Poona and Batavia and to the continentality of the climate of the Deccan during 
the larger part of the year. The height to which the higher temperatures near the surface 
extends at Poona is 3 gkm. in March and 4 gkm. in April; the defect of temperature at 
higher levels increases with the progress of the season from November to April. Near the 
top of the troposphere, Poona again gets to be higher in temperature. The level of least 
horizontal contrast of temperature lies in the neighbourhood of 12 gkm. 

It will be noticed that near Poona in April, while a transport of air from either the 
north or south would cause a fall of temperature near the surface, the arrival of air from 
.the north would be associated with lower temperatures at higher levels also, but air from 
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the south would bring higher temperature above. This feature becomes slightly altered in 
May when with increasing insolation over land Agra temperatures up to 5 gkm. get higher 
than those of Poona while Batavia temperatures remain lower and the differences get 
reversed at higher levels. The bearing of this on the structure of ‘ fronts ’ formed in the 
Bay of Bengal during the pre-monsoon period has been discussed elsewhere 6, 7 . 

The months June to September form a class by themselves, Agra being warmer and 
Batavia colder than Hyderabad practically at all levels in the troposphere. These are 
the months, especially the last three, in which the monsoon depressions have an east to 
west travel across the north of the Peninsula. In June the mean temperature differences 
at 1 and 2 gkm. are similar to those in May, but from 3—5 gkm. the contrast of tempera¬ 
tures between Agra and Hyderabad is very small.* The extraordinarily small difference 
of temperature in October between the three places and the fact that both Agra and 
Batavia are colder than Hyderabad between 3 and 7 gkm. and warmer from 11 to 16 or 
17 gkm. is noteworthy. This shows that in this month the thermal equator which lay 
over North India in August lies over the middle of the Indian Peninsula. 


6. Some simultaneous ascents at Poona, Hyderabad and Agra. 

It will be useful to collect here a few representative height temperature and 
height humidity diagrams for both Poona (or Hyderabad) and Agra on days when there 
were practically simultaneous ascents at both the places, together with notes on the 
general weather conditions prevailing on those days. Upper wind observations are also 
given whenever they are available. (See Fig. 5.) 

18-1-30. 

Agra was colder than Poona at all levels up to 13-7 gkm., with the maximum tempera¬ 
ture difference, about 16°C, near the ground up to 1-5 gkm., the difference at other levels 
being about 5 to 11°C. Agra was slightly warmer than Poona between 13-7 and 16-4 gkm. 

The conditions are representative of clear, anticyclonic weather in winter. Both 
Agra and Poona had got flooded with northwesterly or westerly air during the previous 
two or three days. On the morning of the 18th, the centre of the anticyclone was over 
Rajputana at 0-5 km.; its position shifted southward with increase of height and at 3 km. 
there was a belt of high pressure at a latitude of about 15°N. The beginnings of the inver¬ 
sion at 1-4 gkm. at Agra and at 2-8 gkm. at Poona apparently mark the limit between the 
subsiding air above and the turbulent surface-heated air below. It will be seen from 
the diagram that the upper wind velocity at Poona increased rapidly from 5 m/s at 2-5 
gkm. to 13 m/s at 3 gkm. and that at Agra it increased from 5 m/s at 1 gkm. to 9 m/s 
at 1*5 g km . The air below the inversion was of slightly more northerly origin than air 
above. This is true of Poona also although the actual winds at 1-5 and 2 gkm. at 
Poona were from the south-west. 

Attention may be drawn to the composite type of tropopause at Agra with inversions 
at 12-4 gkm. and 16-5 gkm. The tropopause at Poona also was composite although it was 
much less marked and the levels of the two transitions were only 1-4 gkm. apart. 

The humidity curve also is characteristic of anticyclonic weather in the winter. 

* The abnormally small difference of temperature between Hyderabad and Agra at 1 gkm. in July is apparently due to an 
abnormality in the Agra temperature. 
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17-7-31. 

This was an occasion when the monsoon was giving widespread rainfall throughout 
the country except in Sind, Baluchistan and parts of Rajputana and the Punjab and in 
parts of the Madras Presidency. Agra had 0-4" and Hyderabad 0-2" of rainfall between 
8 hrs. on the 17th and 8 hrs. on the 18th. On this day, data of soundings are available 
for Allahabad also in addition to those for Agra and Hyderabad. The temperature dis¬ 
tributions at Agra and Allahabad are nearly identical, with the exception that there is a 
layer of feeble lapse-rate over Agra between 2*5 and 3 gkm. This inversion may be due 
to the interposition of comparatively dry north-west Indian air at Agra. It will be seen 
that there is also a sharp minimum of humidity at about 3 gkm. at Agra which is much 
less evident in the Allahabad curve. Both at Agra and Allahabad, the temperatures are 
higher than at Hyderabad by 3° to 8°, the largest differences being between 4 and 9 gkm. 
There is also an isothermal layer of about 0-7 gkm. thickness between 9 and 10 gkm. at 
Hyderabad, which probubly marks the transition from the monsoon circulation to the 
easterly general circulation. In this connection, the sounding of 26th August 1929 which 
also shows the same feature may be compared. A height of 9 gkm. is, however, unusually 
large for the thickness of the monsoon. 

26-8-29. 

The temperature differences on this evening differ markedly from those on 17th 
July 1931. Agra was colder than Hyderabad from the surface to 2-2 gkm. and between 
10 and 16 gkm. Between 2-2 and 10 gkm., the conditions were reversed. 

On the morning of this day, a depression which was moving north-west from near the 
head of the Bay of Bengal was located at about 26°N and 77°E between Kotah and Jhansi. 
It had caused heavy rainfall to its south and south-west. From the few upper wind and 
cloud observations that are available, it appears that the air blowing over Agra on the 
evening of this day was coming from the Arabian Sea and had passed through the region 
of heavy rainfall to the south of the depression. The Peninsular portion of India had 
little rain recorded either on the morning of the 26th or the 27th, except a few falls west 
of the Ghats. The cloudiness there was also moderate and generally high or medium 
clouds were present. Owing to the scantiness of the observations, it is difficult to trace 
the trajectory of the air at either of the places to any considerable height. The low tem¬ 
perature of the air over Agra compared to Hyderabad at the surface and up to 2-5 gkm. 
is exceptional for the season and is no doubt an effect of the depression. Another unusual 
feature of the temperature distribution over Agra is the exceptionally low level of the 
tropopause (15-5 gkm.)—about 1 gkm. lower than that at Hyderabad. The weather and 
upper wind charts at 8 hrs. on the 26th are given in Fig. 6. 

12-9-30. 

On the morning of this day, a diffuse low pressure area characteristic of this month 
was extending from Gujarat to the north Madras coast. The centre of the low was near 
Ranker in the east Central Provinces. On the morning of the 13th, it had moved to 
between Khandwa and Pachmarhi in the west Central Provinces. Hyderabad recorded 
0*4" and 0-1" of rainfall on the mornings of the 12th and 13th ; Avhile Agra recorded no 
rainfall on either of the days. The winds over Agra up to about 6 km. were coming from 
the east from the north Bay of Bengal, while at Hyderabad in the first 2 km. the wind was 
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from the Arabian Sea. Agra temperatures were higher by 3° to 6° at all levels up to 20 
gkm. the minimum difference—about 2°—being at 7 gkm. The westward movement 
of the depression stands in agreement with this distribution of temperature with higher 
temperatures to the north. At both places, there is a tendency for the humidity to fall off 
above 6 gkm. 

Compared to the normal temperatures in this month, Agra temperatures are higher 
by about 2°C in the first 4 gkm. and Hyderabad temperatures lower by about the same 
amount up to 3 gkm. Agra’s supply of air at these levels was on this day from rainy areas 
far out in the east instead of from the north as normally. The lower atmosphere of Hyder¬ 
abad was cooled by rain in its immediate neighbourhood. 




20-9-29. 

The weather chart of this morning and of succeeding days showed very little gradient 
of pressure. On the evening of this day, rainfall accompanied by thunder occurred 
widespread over the extreme south of the Peninsula, in the north Bombay Deccan 
and in Gujarat. In north India, only Bihar, Kashmir and the Frontier Hills had 
scattered thundershowers. 

Between 2 and 13 gkm. Agra temperatures are lower than those at Hyderabad. The 
monsoon conditions were gradually giving place to winter conditions in north-west India. 
As the wind-vectors show, the air over Hyderabad up to 8 km. was generally coming 
from the east or south, but the trajectory at 2 km. shows that air in the neighbourhood 
of this level might ultimately have been of northerly origin. The inversion at about 
4’5 gkm. shown in the Agra sounding is a common feature of the upper air structure in 
this season and is associated with the sub-tropical high pressure ridge which is located 
over north-west India in this month. 


15-10-31. 

On this morning again, there was a depression lying over the east Central Provinces 
near Raipur. There had been widespread rainfall over the major portion of northern and 
Central India during the previous 24 hours. 

On the morning of the 16th the depression had moved northward and was lying over 
the east United Provinces near Lucknow. Agra had skies overcast with clouds of the 
Stratus and Nimbus type and there was rain at intervals throughout the day. 

The humidity diagram at Agra on the evening of the 15th shows that the air was 
practically saturated from 4-7 to 7 gkm. There is also a sharp decrease of lapse-rate at 
4-7 gkm. From the upper wind charts it appears that easterly air from the north of the 
Bay was rising over rain-cooled air in the lower layers of the atmosphere. 

At Hyderabad, there was no rain on the day in question and the winds were westerly 
up to about 3 km. At the time of ascent, the sky was partially clouded with alto-cumulus 
and alto-stratus. It is interesting to note that at Hyderabad the humidity decreased 
sharply at about 2-7 gkm. which also marked the beginning of a layer of smaller lapse- 
rate. 

It may be noted that temperatures at Agra are lower than those at Hyderabad up to 
6 gkm. and vice versa at higher levels up to the stratosphere. The tropopause was lower 
at Hyderabad than over Agra. 
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7. Pressure. 

Table 12 gives the monthly mean values of pressure at different heights. Curves of 
annual variation are shown in Fig. 7. The annual variation of pressure at all levels over 


Table 12.—Mean Monthly and Annual Pressures (mb.). 


Height in gkm. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

Range. 

20 

52 

53 

52 


*52 


53 

53 

52 

51 

50 

52 

52 

3 

19 

61 

63 

62 

61 

61 


63 

62 

62 

62 

61 

61 

62 

2 

18 

72 

75 

73 

73 

72 

73 

75 

74 

74 

74 

73 

73 

73 

3 

17 

85 

89 

-87 

87 

, 87 

88 

88 

89 

89 

88 

87 

86 

87 

4 

16 

102 

105 

, 104 

104 

104 

106 

105 

106 

105 

105 

105 

104 

105 

4 

15 

122 

125 

123 

123 

125 

126 

125 

126 

126 

125 

125 

124 

125 

4 

14 

145 

148 

147 

146 

148 

149 

149 

149 

149 

148 

148 

146 

148 

4 

13 

171 

174 

173 

173 

175 

177 

176 

176 

176 

175 

175 

173 

175 

6 

12 

202 

204 

204 

204 

206 

207 

206 

206 

207 

206 

206 

204 

205 

5 

11 

237 

238 

238 

238 

240 

241 

240 

240 

241 

240 

241 

238 

239 

4 

10 

275 

277 

276 

276 

279 

279 

278 

278 

278 

278 

279 

276 

277 

4 

9 

318 

319 

320 

320 

322 

323 

320 

321 

322 

321 

322 

319 

321 

5 

8 

367 

368 

368 

368 

371 

371 

368 

369 

370 

370 

370 

368 

369 

4 

7 

421 

422 

422 

423 

424 

424 

421 

422 

423 

423 

423 

422 

422 

5 

6 

481 

482 

483 

484 

484 

484 

481 

481 

483 

483 

483 

482 

483 

3 

5 

549 

550 

550 

551 

551 

550 

547 

547 

550 

550 

550 

549 

549 

4 

4 

623 

625 

625 

626 

625 

624 

620 

621 

623 

624 

624 

623 

624 

6 

3 

707 

708 

709 

709 

708 

706 

702 

702 

705 

707 

708 

707 

707 

7. 

2-5 

751 

752 

752 

752 

751 

750 

747 

747 

750 

751 

752 

752 

751 

5 4 

2 

799 

799 

800 

799 

798 

796 

793 

792 

796 

798 

799 

799 

797 

8 * 

1*5 

849 

849 

849 

847 

846 

844 

842 

841 

846 

847 

849 

848 

846 

8 

1 

900 

899 

899 

898 

897 

895 

893 

891 

896 

899 

900 

900 

897 

9 

Surface (0-54) . 

950 

948 

948 

946 

944 

943 

943 

942 

946 

948 

949 

950 

946 

8 

Normal (at 8 
a.m.) at Poona. 

955 

954 

952 

951 

949 

945 

945 

947 

949 

952 

954 

955 

951 

10 

Normal (at 8 
a.m.) at Hy¬ 
derabad. 

957 

955 

954 

951 

949 

947 

946 

948 

950 

953 

956 

957 

952 

11 


the Deccan is considerably smaller than that over North India. From the surface to 
2 gkm. there is a well-marked pressure-minimum at the time of the monsoon in August 
and a flat maximum in November-March. The occurrence of the minimum in August 
instead of in June or July is due tc* abnormally low pressures on the days of sounding 
balloon ascents. With increase of height, the monsoon pressure-minimum gets less and 
less marked and at 10 gkm. has given place to a flat maximum which prevails during the 
months May to November. The difference between the maximum and minimum values 
of monthly mean pressures is least at 6 gkm. but the value remains small at all higher 
levels. 

8. Monthly mean pressure-differences between Poona and Agra and Poona and 

Batavia. 

In the discussion of Agra sounding balloon results, the mean monthly pressures 
over Agra, Batavia and Europe were compared. It is now possible to split up the 
pressure-differences between Batavia and Agra into two parts : Batavia minus Poona 
and Poona minus Agra. The mean monthly diffrences of pressure at dynamic kilometres 
are contained in Table 13 and are shown graphically in Fig. 8. 

In the interpretation of the pressure-differences between Batavia and Poona (or 
Hyderabad) it has to be remembered that the two places lie on opposite sides of the equa- 
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tor. But as Batavia is only 6° south of the equator, while Poona is 18|-° north, and as 
pressure gradients are generally weak in the neighbourhood of the equator it may generally 
be assumed that Batavia pressures represent pressures at the equator. 

At 1 gkm., the pressure-difference B—P is a maximum in August and minimum in 
winter. During the monsoon (July-August), the pressure-difference gradually decreases 
to zero at 8 gkm. and reverses sign higher up. The easterly upper winds increase in 
strength up to the tropopause where they seem to reach the maximum velocity. It is 
known from pilot balloon winds at Bangalore 8 and Hyderabad in July and August (see 
Fig. 12) that the westerly winds of the monsoon change to easterly at 5—7 km. On days 
when pilot balloon observations are not possible owing to the activity of the monsoon, 
the westerly winds may even extend higher. In the winter and hot season, there are 
negative pressure differences at 2 and 3 gkm. which account for the weak anti-cyclonic 
winds prevailing at these levels in these months in the middle and south of the Peninsula. 
In the first four months of the year, the mean gradient for westerly winds increases in 
strength above 4 gkm. and shows a maximum at 9—11 gkm. (Pressure values for May at 
Batavia are abnormally high.) The fact that the pressure-differences in the higher parts 
of the troposphere are larger in March-April than in November-December suggests that 
easterly upper winds are more common in the latter months than in the former. The 
positive differenes B —P in October are not consistent with the available upper wind 
observations. At Bangalore, the upper winds begin to have an appreciable easterly com¬ 
ponent at about 5 km., at Hyderabad at 10 km. and at Poona at 12—13 km. The winds 
at lower levels are generally weak. The transitional character of the weather of the month 
and the smallness of the number of observations may be responsible for the disagreement. 

In the first few kilometres of the stratosphere, the wind appears to be easterly in all 
parts of the year. 

Considering the pressure-differences between Poona and Agra, the following points 
are noteworthy :— 

(1) During the winter, the gradient is for westerly winds up to 20 gkm. It in¬ 

creases rapidly in strength with increasing height above surface, reaches a 
maximum at 8—10 gkm. and decreases again at higher levels. Owing to the 
decrease of density with height, the maximum wind velocity will be in the 
neighbourhood of 12 gkm. 

(2) In March and April, besides a general decrease in the gradient at all levels, 

there is a comparative maximum at 2—3 gkm. This arises from the fact 
that there is a high pressure area at these levels over the Deccan. 

(3) In May, the gradient becomes very small at 4 gkm. and a gradient for easterly 

winds sets in above 14 gkm. 

(4) The gradient for easterly winds descends to 9 gkm. in June and to 4*5 gkm. 

in July, August and September. The maximum gradient for easterly winds 
during the monsoon occurs near 12 gkm. The exceptionally small differ¬ 
ence of pressure in the first 4 gkm. in August is, as has already been said, 
due to the abnormally low pressures in Hyderabad on the days of the sound¬ 
ing balloon ascents. 

(5) The pressure-difference is small at all levels in October, but the mean gradient 

is for easterly winds above 13 gkm. and for westerly winds below. 
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Table 13—Mean Monthly Pressure Differences (mb.). g 


(a) Poona (or Hyderabad) and Agra (P-A). {b) Batavia and POona {B P) 


Height 

(gkm.). 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Height 

(gkm.). 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

20 

1 

2 

0 


—1 


.. 

.. 

, 4 

.. 

—2 


20 

—4 

—4 

•—2 


—2 


—4 

—3 

—2 

0 

1 

—4 

19 

1 

2 

0 

—2 

—3 

•• 

•• 

•• 

—J 

—1 

0 

0 

19 

—2 

—4 

—2 

—1 

0 

.. 

—4 

—2 

—1 

0 

0 

—3 

18 

1 

3 

0 

0 

—3 

—3 


—2 

—1 

0 

1 

0 

18 

—1 

—4 

—1 

—1 

1 

—1 

—4 

—2 

—1 

0 

0 

—3 

17 

1 

3 

0 

0 

—2 

_2 


—2 

—1 

—1 

2 

—1 

17 

1 

—3 

0 

0 

1 

—2 

—3 


—2 

0 

1 

_2 

16 

2 

4 

1 

1 

—2 

_2 


—2 

—2 

—1 

4 

2 

16 

1 

—1 

l 

0 

i 

2 

—3 

—3 

—4 

—1 

1 

1 

—2 

15 

4 

5 

0 

1 

0 

_2 


—3 

—2 

—1 

5 

3 

15 

1 

—1 

2 

2 

i 

—3 

—3 

—4 

—2 

1 

1 

—2 

14 

5 

6 

2 

2 

—1 

_2 

—2 

—3 

—3 

—2 

5 

3 

14 

2 

0 

2 

3 

2 

—2 

—3 

—4 

—*2 

2 

2 

—1 

13 

5 

7 

2 

3 

0 

— 1 

—4 

—4 

—3 

0 

6 

6 

13 

3 

1 

3 

3 

3 

—2 

—3 

—3 

—2 

2 

2 

0 

12 

7 

8 

3 

4 

1 

—2 

—5 

—5 

—2 

0 

7 

7 

12 

2 

2 

2 

3 

3 

_2 

—3 

—3 

—3 

0 

2 

0 

11 

9 

9 

4 

5 

1 

—1 


—4 

—3 

1 

9 

7 

11 

2 

2 

3 

3 

4 

— 1 

—3 

—2 

—2 

1 

1 

0 

10 

10 

12 

5 

5 

2 

—1 

—5 

—4 

—3 

1 

9 

7 

10 

2 

2 

3 

4 

3 

—1 

—1 

—1 

0 

2 

2 

1 

9 

7 

9 

5 

5 

0 

0 


—4 

—2 

0 

9 

5 

9 

3 

3 

2 

3 

3 

—1 

0 

0 

—1 

1 

2 

1 

8 

8 

11 

5 

5 

2 

1 

—3 

—3 

—2 

1 

9 

5 

8 

2 

2 

2 

2 

1 

—1 

0 

0 

—1 

0 

1 

0 

7 

6 

10 

5 

5 

1 

1 

—2 

—2 

—2 

1 

9 

5 

7 

2 

2 

2 

1 

1 

0 

1 

1 

0 

1 

1 

0 

6 

7 

11 

4 

6 

1 

2 

—1 

—2 

—1 

1 

8 

3 

6 

2 

2 

1 

0 

2 

0 

2 

2 

0 

2 

2 

1 

5 

6 

10 

4 

5 

1 

1 

—L 

—2 

0 

1 

7 

2 

5 

2 

2 

1 

0 

2 

2 

3 

4 

1 

2 

2 

1 

4 

6 

11 

4 

5 

0 

3 

1 

0 

1 

1 

6 

2 

4 

1 

0 

0 

—1 

1 

1 

4 

3 

1 

1 

1 

1 

3 

5 

8 

5 

6 

1 

3 

2 

0 

1 

1 

6 

2 

3 

0 

—1 

—2 

—2 

0 

1 

5 

5 

2 

0 

—1 

—1 

2 

5 

8 

4 

4 

2 

5 

4 

0 

2 

0 

4 

2 

2 

—1 

—1 

—2 

—1 

0 

2 

5 

6 

2 

0 

—1 

—1 

1 

1 

3 

1 

3 

2 

5 

4 

0 

2 

0 

1 

—1 

1 

0 

1 

1 

2 

3 

5 

7 

9 

5 

2 

0 
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9. Places of fall of sounding balloons. 


The distances and directions of the places of fall of sounding balloons together with 
the maximum height reached by each ascent are given in Table 14. The places of fall for 
ascents from Poona and Hyderabad are also plotted in Figs. 9 (a) and 9 (b ); the former 



Table 14.—Distances and directions op places of fall of sounding balloons, 

WITH GREATEST HEIGHTS REACHED BY THEM. 


Serial 

No. 

Date of ascent. 

Distance 

(km.). 

Direction 
(Degrees 
from N.). 

Greatest 

height 

(gkm.). 

Serial 

No. 

Date of ascent. 

Distance 

(km.). 

Direction 
(Degrees 
from N). 

Greatest 

height 

(gkm.). 




(a) Balloons sent 

up from Poona. 




1 

28th Oct. 1928 

33 

60 

18-7 

33 

2nd May 1930 

5 

95 

18-6 

2 

10th Nov. 1928 

83 

85 

141 

34 

8th May 1930 

107 

220 

15-9 

3 

13th Nov. 1928 

79 

50 

120 

35 

13th May 1930 

27 

210 

18-0 

4 

15th Nov. 1928 

61 

55 

10-3 

36 

14th May 1930 

29 

131 

20-6 

5 

23rd Nov. 1928 

170 

100 

16-3 

37 

15th May 1930 

29 

131 

23-5 

6 

4th Dec. 1928 

174 

81 

11-7 

38 

21st May 1930 

66 

57 

18-7 

7 

28th Dec. 1928 

114 

90 

18-6 

39 

30th Oct. 1930 

68 

349 

12-2 

8 

15th Jan. 1929 

104 

155 

11-6 

40 

5th Nov. 1930 

94 

83 

211 

9 

2nd Feb. 1929 

211 

103 

20-2 

41 

26th Nov. 1930 

74 

120 

25-6 

10 

22nd Feb. 1929 

111 

135 

25-9 

42 

29th Nov. 1930 

66 

57 

18-5 

11 

7th Mar. 1929 

3 

90 

19-5 

43 

5th Dec. 1930 

106 

30 

15-5 

12 

7 th April 1929 

80 

49 

15-9 

44 

19th Dec. 1930 

114 

56 

21-5 

13 

8th July 1929 

81 

262 

11-8 

45 

9th Jan. 1931 

283 

177 

17-9 

14 

10th Dec. 1929 

88 

80 

18*1 

46 

12th Jan. 1931 

176 

79 

19-3 

15 

19th Dec. 1929 

109 

55 

23-5 

47 

7th Feb. 1931 

332 

80 

19-2 

16 

21st Dec. 1929 

117 

87 

18-9 

48 

12th Feb. 1931 

274 

124 

20-8 

17 

30th Dec. 1929 

117 

87 

18-9 

49 

13th Feb. 1931 

274 

124 

191 

18 

7th Jan. 1930 

117 

87 

21-2 

50 

17th Feb. 1931 

332 

80 

20-2 

19 

10th Jan. 1930 

139 

89 

20-0 

51 

18th Feb. 1931 

258 

74 

18-7 

20 

14th Jan. 1930 

228 

87 

16-8 

52 

22nd Feb. 1931 

236 

59 

201 

21 

15th Jan. 1930 

242 

103 

17-0 

53 

23rd Feb. 1931 

258 

74 

18-7 

22 

16th Jan. 1930 

122 

89 

19-5 

54 

24th Feb. 1931 

293 

72 

19*3 

23 

17th Jan. 1930 

138 

95 

16-8 

55 

25th Feb. 1931 

343 

77 

18-9 

24 

18th Jan. 1930 

138 

95 

20-2 

56 

11th Mar. 1931 

236 

99 

18-8 

25 

31st Jan. 1930 

207 

75 

14-5 

57 

16th Mar. 1931 

161 

44 

16-7 

26 

3rd Feb. 1930 

169 

99 

21-9 

58 

27th Mar. 1931 

172 

58 

24-7 

27 

23rd Feb. 1930 

228 

99 

17-4 

59 

17th April 1931 

114 

56 

19-9 

28 

9th Mar. 1930 

31 

153 

17-9 

60 

1st May 1931 

93 

83 

20-3 

29 

12th Mar. 1930 

66 

57 

16-4 

61 

1st Oct. 1931 

129 

270 

17-6 

30 

8th April 1930 

207 

75 

17-0 

62 

2nd Dec. 1931 

290 

117 

14-5 

31 

18th April 1930 

114 

56 

23-7 

63 

3rd Dec. 1931 

161 

120 

28-1 

32 

20th April 1930 

131 

61 

18-0 

64 

16th Dec. 1931 

174 

130 

21-2 




(b) Balloons sent 

up from Hyderabad. 




1 

16th Aug. 1929 

170 

265 

18-5 

20 

4th Oct. 1930 

13 

292 

17*4 

2 

17th Aug. 1929 

232 

271 

15-7 

21 

7th Oct. 1930 

93 

272 

191 

3 

26th Aug. 1929 

57 

258 

17-8 

22 

11th Oct. 1930 

93 

272 

19-6 

4 

4th Sept. 1929 

136 

265 

16-5 

23 

14th Oct. 1930 

1 

135 

15-7 

-5 

14th Sept. 1929 

287 

263 

16-1 

24 

9th July 1931 

185 

273 

17-1 

6 

17th Oct. 1929 

24 

280 

17-6 

25 

25th July 1931 

112 

271 

15-7 

7 

6th June 1930 

112 

271 

18-4 

26 

1st Aug. 1931 

200 

275 

21 0 

8 

10th June 1930 

267 

284 

171 

27 

8th Aug. 1931 

112 

271 

19-8 

9 

18th June 1930 

112 

271 

16-9 

28 

17th Aug. 1931 

161 

275 

21-8 

10 

8th July 1930 

101 

255 

20-4 

29 

22nd Aug. 1931 

145 

256 

21-8 

11 

12th July 1930 

70 

244 

16-9 

30 

6th Sept. 1931 

578 

278 

170 

12 

19th July 1930 

186 

253 

18-5 

31 

10th Sept. 1931 

222 

284 

16-9 

13 

26th July 1930 

77 

251 

17*0 

32 

13th Sept. 1931 

414 

275 

17-6 

14 

17th Aug. 1930 

112 

271 

20-5 

33 

18th Sept. 1931 

339 

273 

16-8 

15 

19th Aug. 1930 

112 

271 

25-9 

34 

29th Sept. 1931 

563 

255 

17-4 

16 

6th Sept. 1930 

112 

271 

17-6 

35 

13th Oct. 1931 

176 

251 

171 

17 

12th Sept. 1930 

156 

251 

20-4 

36 

15th Oct. 1931 

112 

271 

18-3 

18 

24th Sept. 1930 

36 

280 

17-5 

37 

18th Oct. 1931 

56 

315 

18*9 

19 

29th Sept. 1930 

70 

244 

14-9 

38 

24th Oct. 1931 

19 

43 

21-0 
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Table 18.—Mean monthly values of mixing ratio 
(gms. of watervapour per kgm. of dry air). 


Height 
in gkm. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

in 


0-2 


0-2 

0-2 

0-2 

0-4 

0-4 

0*4 

0*2 

0*2 

0-2 

J.V 

9 

0-2 

0*2 

0-2 

0-4 

0-4 

0-8 

10 

0-6 

0-8 

0-2 

0-2 

g 

0-2 

0-3 

0-2 

0-7 

0-8 

1-5 

1-5 

1-5 

1-4 

0-5 

0-5 

0-3 

7 

0-1 

0*7 

0-4 

1-3 

1-5 

2-4 

2-5 

2-7 

2-2 

1-0 

0-9 

0-6 

6 

0-4 

1-0 

O-o 

2-2 

2-6 

3-2 

3-2 

4-3 

31 

1-8 

1*8 

0-6 

5 

4 

0-6 

1-1 

1*7 

2-7 

1-6 

2-5 

3*2 

5-8 

4-2 

6-2 

5*1 

7-1 

5*3 

0*7 

6*0 

7-5 

49 

7-4 

3*3 

5-7 

2’6 

3-3 

1*6 

2-9 

3 

2-5 

4-9 

31 

8-5 

8-4 

10-5 

8-3 

100 

9-0 

7-8 

5-0 

4.4 

2-5 

3-5 

5-6 

3-7 

8-8 

9-8 

11-8 

9-9 

110 

9-9 

8-9 

7-4 

5*9 

2 

4-4 

6*4 

4-2 

9-5 

12-0 

130 

12-4 

12-8 

11-6 

100 

91 

7-4 

1-5 

1 

5*5 

7-3 

6-8 

7-8 

4*6 

5-3 

101 

11*7 

13-3 

15-4 

14-7 

17-4 

141 

15-4 

14- 4 

15- 8 

13-4 

15-7 

12-2 

13-5 

10-6 

11-2 

91 

10-3 

Surface 

9-7 

11*4 

9-5 

12*2 

14*6 

16-6 

17-7 

18-9 

18*6 

15-6 

121 

11-7 


A few characteristic height-humidity curves with the corresponding height-tempera¬ 
ture and upper wind diagrams are given in Fig. 10. Notes of weather conditions 
during the days are given below 


7-4-29. ' . , 

This was an occasion when a hot weather thunderstorm was m progress m the neigh¬ 
bourhood of Poona. At the time of ascent, there were CuN and mammato-cumulus 
clouds present and rain was just beginning to fall. On the morning of the 7th, a diffuse 
low pressure area was lying over the Konkan and the Bombay Deccan with a more exten¬ 
sive one over the east United Provinces and Bihar. The upper winds in the morning 
were south-south-easterly at 4 and 5 km. and ACu clouds were coming from the south. 
The balloon fell 80 km. to the north-east of Poona after reaching a height of 15-9 gkm. 

The rain measured at 8 hours on the 8th was 0-5 . 

Note the dryness and high lapse-rate of the surface air and the high humidity of air 

above 2-7 gkm. 

12-7-30. 

The monsoon was weak in the Peninsula and there were only scattered light falls 
of rain there. At Hyderabad itself at the time of ascent, there were a few cumulus clouds 
which gradually cleared by 20 hours. Although there was high humidity at certain 
levels, the lapse-rates were small between 4 and 6-5 gkm. 

29-7-29. , . 

This is the record of an ascent made at Poona. The dry layer of air between 2 and 6 

gkm. is exceptionally deep for the season. A depression which was lying over lower Sind 
on the morning of the 28tli had moved off westwards on the 29th morning and become 
unimportant. The dry air had apparently come from the western side of the depression 
from Persia and Iraq. The increase of humidity above 6 gkm. indicates the beginning of 
easterly upper winds. 

22-8-31. 

On this day, a depression was lying over the Central Provinces and was causing 
heavy rain to its south-west. Winds at Hyderabad were westerly to south westerly up 




























SOUNDING BALLOON ASCENTS AT POONA AND HYDERABAD. 


71 


to at least the middle cloud level. The humidity pen was apparently displaced, but 
there is no doubt that the humidity was very high between 3 and 6-7 gkm. 

13-9-31. 

On the morning of this day, a diffuse low pressure area characteristic of the month 
was lying over the west Bay of Bengal off the north Madras Coast. Widespread thunder¬ 
showers occurred in the south of the Peninsula, Mysore and the Deccan on the 13th ; 
Hyderabad recorded 0-3" on the 14th morning. The sudden fall of humidity above 4-7 
gkm. and the large moisture content of the lower layers are significant. 

I- 10-31. 

On this day, there were ascents both at Poona and at Hyderabad. A practically 
stationary low pressure area was lying over north Hyderabad, causing widespread rain 
from the Konkan to the Central Provinces. The humidity curves at both the places were 
somewhat similar in that it was nearly saturated at the surface with a slow fall of humi¬ 
dity, up to 4-5 gkm. at Poona and 4-7 gkm. at Hyderabad and a more rapid fall above. 
This typ*e of humidity distribution is rare and represents the condition of stable rain- 
cooled air. 

II- 10-30. 

This represents conditions prior to setting in of the north-east monsoon. Surface 
pressure gradients were weak and rainfall was practically confined to the Peninsula south 
of latitude 20° mostly attended with thunder. North India had become overspread with 
continental air from the north-west. As the wind-vectors show, easterly air was bringing 
in moisture up to about 6 km. 

12. Potential temperatures and tephigrams. 

The following tables (Tables 19 and 20) give the monthly mean potential tempera¬ 
tures at different levels above Poona (or Hyderabad) and the mean differences of potential 
temperature between Poona and Agra (P—A) and between Poona and Batavia (P—B). 
The seasonal variation of potential temperature at Poona (or Hyderabad) is also repre¬ 
sented diagrammatically in Fig. 11. In Fig. 12 are drawn the mean monthly tephigrams 
and pressure-dew-point diagrams. For comparison, the tephigrams of Agra also 
are drawn. The full lines represent the tephigrams for Poona or Hyderabad and the 
broken lines those for Agra. The lines with alternate dashes and dots represent the dew¬ 
point-pressure diagrams for Poona or Hyderabad. Along a line inclined at 45° to the 
temperature axis, the N. and E. components of wind at Poona or Hyderabad have also 
been indicated in the form of “ clothes-line ” diagrams. These winds are based on all 
available pilot balloon results up to the end of 1931 and do not relate to the days of the 
sounding balloon ascents only. The diagrams form a convenient summary of informa¬ 
tion about upper air conditions. Most of the points that call for comment have been 
touched on in other connections. One interesting feature of the monsoon tephigrams 
may, however, be pointed out. The atmosphere over the Deccan in the region of the 
upper easterly winds is definitely more stable than in the corresponding region over Agra 
whose tephigram closely follows the saturation adiabatic. This feature and the large 
wind-velocities at 2 and 3 km. leading to a dynamical suction effect at higher levels are 
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responsible for the comparative absence of thunderstorms in the Deccan during the time 
when the monsoon low lies over the Gangetic valley. A large rate of shear of wind above 
the layer of maximum humidity would make the cumulus clouds extend horizontally and 
prevent individual clouds growing upwards and producing the large differences of poten¬ 
tial necessary for thunder. 


Table 19. —Mean monthly and annual potential temperatures (°A, standard 

PRESSURE BEING 1,000 MB.). 


Height in gkm. 

Jan. 

Feb. 

| Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Annual. 

Range. 

20 

499 

479 

477 


477 


475 

465 

475 

480 

467 

488 

478 

34 

19 

57 

45 

39 

431 

43 


41 

51 

44 

57 

36 

50 

45 

21 

18 

25 

19 

13 

09 

11 

407 

14 

25 

14 

23 

13 

23 

16 

18 

17 

397 

399 

389 

393 

385 

388 

392 

394 

392 

391 

389 

397 

392 

14 

16 

76 

85 

76 

75 

67 

71 

70 

75 

72 

72 

70 

74 

74 

18 

15 

63 

72 

64 1 

63 

57 

60‘ 

61 

64 

61 

61 

60 

64 

63 

15 

14 

51 

63 

57 

57 

57 

58 

58 

59 

57 

56 

55 

57 

57 

12 

13 

48 

58 

52 

49 

53 

56 

55 

57 

55 

53 

52 

52 

53 

10 

12 

46 

53 

48 

46 

50 

54 

53 

53 

52 

50 

50 

49 

50 

8 

11 

43 

48 

45 

43 

47 

51 

50 

50 

49 

48 

47 

45 

47 

8 

10 

41 

45 

41 

41 

44 

47 

48 

47 

47 

45 

45 

42 

44 

7 

9 

38 

40 

38 

39 

42 

44 

44 

43 

44 

42 

42 

38 

41 

6 

8 

34 

35 

35 

34 

38 

40 

41 

40 

39 

38 

39 

35 

37 

7 

7 

29 

31 

32 

30 

34 

35 

36 

35 

35 

33 

34 

32 

33 

7 

6 

25 

25 

26 

25 

29 

30 

29 

30 

30 

3* 

29 

27 

28 

6 

5 

21 

20 

21 

20 

23 

25 

25 

25 

24 

23 

24 

22 

23 

5 

4 

16 

15 

14 

16 

18 

20 

19 

19 

19 

18 

19 

17 

17 

6 

3 

10 

11 

11 

14 

15 

16 

14 

13 

13 

12 

13 

09 

13 

7 

2-5 

07 

10 

10 

14 

14 

13 

11 

10 

11 

10 

09 

07 

11 

7 

2 

06 

09 

11 

13 

13 

11 

09 

09 

09 

08 

07 

05 

09 

8 

1*5 

05 

09 

10 

12 

12 

11 

07 

07 

07 

06 

05 

04 

08 

8 

1 

05 

08 

09 

13 

11 

10 

06 

05 

05 

05 

04 

03 

07 

10 

Surface 

05 

07 

09 

11 

09 

08 

05 

06 

04 

04 

04 

02 

06 

9 


The tephigrams of the transition months May and October are also of particular 
interest as bringing out the essential difference of continental and maritime air in tropical 
regions. It will be seen that in both these months, while in the lower layers up to 3 or 4 
gkm. the Agra tephigram lies above that of Poona, in the middle troposphere, their relative 
positions are interchanged. Above 8 to 10 gkm. the Agra tephigram again lies higher. 

The supplementary Tables 21 — 26, in the Appendix, give :— 

(a) the number of meteorographs sent up in each month from Poona and Hyder¬ 

abad and the number recovered out of these, 

(b) the mean monthly values of pressure, temperature and density at geometric 

kilometres, and 

(c) the mean monthly values of heights and temperatures corresponding to prin¬ 

cipal pressure values. 

The instrumental equipment required for the present work was almost entirely sup¬ 
plied by the Upper Air Observatory, Agra, and the sounding balloon work carried out 
from Poona and Hyderabad owes much of its success to the interest taken in it by 
Mr. G. Chatterjee, Meteorologist-in-charge of the Agra Observatory. The thanks of the 
Department are due to the Government of His Exalted Highness the Nizam of Hyderabad 
and to Mr. T. P. Bhaskar Sastri, Director of the Nizamiah Observatory, for permission 
and facilities for carrying on sounding balloon work from Hyderabad. Many other mem- 









































































































bers of the staff of the Upper Air Section at Poona have participated in the calibration 
of the instruments and the working out of the records, to all of whom the authors 
thanks are due. 
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Supplementary Tables. 

Table 21.—Number of Balloons sent up (n x ) and number recovered (n 2 ). 





Year. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Whole Year, 

n i 

n 2 

n i 

n 2 

n i 

«2 

n i 

n 2 

n i 

*2 

n i 


n i 

n 2 

Hi 

n 2 


n 2 

h i 

n 2 

n i 

n 2 

% 


n i 


. 














Po< 

ona. 












1928 .... 



















3 

1 

8 

5 

4 

3 

15 

9 

1929 .... 

5 

4 

4 

2 

5 

3 

7 

2 

6 

3 

4 

1 

5 

2 







3 

3 

11 

7 

50 

27 

1930 

12 

8 

4 

2 

7 

2 

7 

3 

11 

5 



4 

2 

6 

2 

5 

3 

5 

4 

5 

3 

14 

3 

80 

37 

1931 .... 

8 

7 

16 

11 

7 

4 

4 

2 

7 

2 

4 

0 

9 

3 

2 

0 

2 

0 

5 

0 



14 

7 

78 

36 

Total 

25 

19 

24 

15 

19 

9 

18 

7 

24 

10 

8 

1 

18 

7 

8 

2 

7 

3 

13 

5 

16 

11 

43 

20 

223 

109 














1 

3yder 

abad. 












1929 .... 















7 

4 

10 

8 

9 

5 

2 

2 



28 

19 

1930 .... 











9 

5 

8 

6 

8 

5 

20 

12 

10 

5 

2 

0 



57 

33 

1931 .... 











9 

2 

12 

7 

15 

8 

11 

6 

11 

9 

4 

3 


i 

62 

35 

Total . 




i 







i 

18 

7 

20 

13 

30 

17 

41 

26 

30 

19 

8 

5 



147 

87 


<1 

OK 


*Wm ft-', 
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Table 22. —Mean monthly temperatures (°A) at Geometric kilometres. 


Heights 
in km. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Bee. 

20 

10 

04 

02 


02 


03 

06 

02 

05 

97 

08 

10 

03 

00 

97 

94 

97 


98 

03 

99 

04 

96 

03 

18 

08 

99 

94 

94 

93 

93 

95 

00 

96 

98 

94 

99 

17 

95 

00 

93 

95 

91 

93 

94 

96 

95 

94 

92 

95 

16 

96 

02 

96 

96 

93 

95 

95 

97 

95 

* 95 

94 

96 

15 

99 

06 

01 

00 

99 

01 

01 

02 

01 

00 

99 

01 

14 

03 

11 

07 

06 

07 

09 

10 

10 

09 

07 

07 

07 

13 

11 

18 

14 

12 

16 

18 

17 

18 

17 

16 

15 

14 

12 

20 

25 

22 

21 

24 

26 

25 

26 

25 

24 

23 

22 

11 

28 

32 

29 

29 

32 

34 

34 

34 

33 

32 

32 

30 

10 

37 

39 

37 

37 

40 

41 

42 

41 

41 

40 

40 

37 

9 

44 

46 

44 

45 

48 

49 

49 

49 

49 

47 

48 

44 

8 

51 

52 

52 

51 

55 

56 

56 

56 

56 

55 

55 

52 

7 

57 

59 

59 

59 

61 

62 

62 

62 

62 

60 

61 

60 

6 

64 

64 

65 

64 

68 

68 

67 

68 

68 

67 

67 

65 

5 

70 

70 

71 

70 

73 

74 

73 

73 

73 

73 

73 

71 

4 

76 

76 

75 

77 

79 

80 

79 

77 

79 

78 

78 

77 

3 

81 

83 

82 

85 

86 

86 

84 

83 

84 

83 

83 

81 

2 

87 

90 

92 

94 

94 

92 

89 

89 

89 

89 

87 

86 

1 

96 

99 

00 

03 

02 

01 

96 

95 

97 

96 

95 

94 


N.B .—The hundreds figure has been omitted throughout the table. 


Table 23. —Mean monthly pressures (mb.) at Geometric kilometres. 


Height 
in km. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

20 

56 

57 

56 


56 


58 

58 

57 


54 

56 

19 

66 

68 

67 

66 

66 


68 

67 

67 

67 

66 

66 

18 

77 

80 

78 

78 

77 

78 

80 

79 

79 

79 

78 

78 

17 

91 

95 

93 

93 

93 

94 

94 

95 

95 

94 

94 

92 

16 

109 

112 

111 

111 

111 

113 

112 

113 

112 

112 

112 

111 

15 

130 

133 

131 

131 

133 

134 

133 

134 

134 

133 

133 

132 

14 

153 

156 

155 

154 

156 

157 

157 

157 

157 

156 

156 

154 

13 

180 

183 

182 

182 

184 

186 

185 

185 

185 

184 

184 

182 

12 

211 

213 

213 

213 

214 

215 

214 

214 

215 

215 

215 

213 

11 

246 

247 

247 

247 

248 

249 

248 

248 

249 

249 

250 

247 

10 

284 

286 

285 

285 

288 

288 

287 

287 

287 

287 

288 

285 

9 

327 

328 

329 

329 

332 

333 

330 

331 

332 

330 

331 

328 

8 

376 

377 

377 

377 

380 

380 

377 

378 

379 

379 

379 

377 

7 

428 

431 

431 

432 

433 

433 

430 

431 

432 

432 

432 

431 

6 

490 

491 

492 

493 

492 

492 

489 

489 

491 

492 

492 

491 

5 

557 

558 

558 

559 

558 

557 

554 

554 

557 

558 

558 

557 

4 

630 

632 

632 

633 

632 

631 

627 

628 

630 

631 

631 

630 

3 

713 

714 

715 

715 

715 

713 

709 

709 

712 

713 

714 

713 

2 

SOS 

803 

804 

803 

803 

801 

798 

797 

801 

802 

803 

803 

1 

902 

901 

901 

900 

900 

898 

896 

895 

899 

901 

902 

902 

i 
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Table 24. —Mean monthly densities (gms. per cubic metre) at Geometric kilometres. 


Height 
in km. 

Jan. 

Feb. 

20 

92 

98 

19 

112 

118 

18 

136 

140 

17 

163 

166 

1(5 

193 

194 

15 

227 

225 

14 

262 

258 

13 

296 

292 

12 

333 

330 

11 

373 

371 

10 

419 

416 

9 

467 

466 

8 

521 

519 

7 

580 

581 

6 

646 

647 

5 

718 

719 

4 

795 

796 

3 

882 

877 

2 

972 

960 

1 

1,056 

1,044 


Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

97 


95 


98 

96 

97 

94 

96 

93 

117 

118 

116 


119 

115 

115 

114 

116 

113 

140 

140 

141 

141 

142 

140 

139 

140 

140 

137 

167 

166 

169 

170 

169 

169 

169 

169 

169 

165 

196 

196 

200 

200 

199 

198 

200 

199 

200 

196 

227 

227 

232 

231 

231 

229 

231 

231 

232 

227 

261 

261 

263 

263 

262 

261 

262 

263 

264 

259 

295 

298 

296 

296 

296 

295 

296 

297 

298 

295 

334 

335 

334 

332 

333 

332 

334 

335 

335 

333 

375 

376 

374 

372 

371 

371 

372 

373 

375 

374 

420 

420 

419 

416 

413 

415 

414 

417 

419 

419 

469 

469 

467 

464 

460 

462 

464 

465 

466 

468 

521 

521 

519 

516 

512 

514 

516 

518 

518 

520 

580 

582 

577 

575 

571 

572 

572 

579 

577 

578 

645 

650 

. 639 

638 

637 

635 

638 

642 

642 

644 

715 

719 

712 

706 

706 

704 

708 

712 

712 

713 

799 

795 

789 

780 

780 

785 

784 

787 

789 

791 

881 

869 

864 

861 

863 

867 

867 

873 

876 

881 

957 

944 

942 

947 

952 

953 

957 

963 

968 

971 

1,043 

1,027 

1,027 

1,028 

1,045 

1,044 

1,044 

1,051 

1,047 

1,050 


Table 25. —Mean monthly heights (gkm.) corresponding to principal isobaric 

levels. 


Pressure 

(mb.). 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Annual 

mean. 

100 

1609 

L6-30 

16-19 

16-20 

16-23 

16*30 

16-28 

16-31 

16-29 

16-25 

16-25 

16-20 

16-25 

200 

12-08 

12-13 

12-11 

12-12 

12-19 

12-23 

12-18 

12-18 

12-21 

12-19 

12-19 

12-12 

12-16 

300 

9-40 

9-44 

9-43 

9-45 

9-49 

9-50 

9-46 

9-46 

9-49 

9-48 

9-49 

9-44 

9-46 

400 

7-37 

7-39 

7-40 

7-41 

7*44 

7-43 

7-39 

7-38 

7-42 

7-41 

7-42 

7-39 

7-40 

500 

5-71 

5-72 

5-73 

5-75 

5-75 

5-75 

5-70 

5-69 

5-74 

5-73 

5-74 

5-72 

5-73 

600 

4-30 

4-32 

4-35 

4-33 

4-33 

4*31 

4-27 

4-26 

4-31 

4-31 

4-32 

4-31 

4-31 

700 

3-08 

309 

310 

310 

310 

307 

303 

3*02 

307 

308 

3*09 

307 

307 

800 

1-99 

1-99 

2-00 

1-98 

1-97 

1-95 

1-93 

1-92 

1-96 

1-98 

1-99 

1-99 

1-97 

900 

0-99 

1-00 

0-99 

0-98 

0-97 

0-96 

0-94 

0-92 

0-96 

0-99 

1-00 

1-00 

0*97 


Table 26. —Mean monthly and annual temperatures (°A) corresponding to prin¬ 
cipal ISOBARIC LEVELS. 


Pressure 

(mb.). 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Annual 

mean. 

100 

94-0 

00-0 

94-5 

94-0 

91-0 

930 

930 

95-0 

94-0 

930 

92-0 

93-5 

194-0 

200 

17-5 

22-0 

19-0 

17-0 

20-5 

22-5 

20-0 

22-0 

21-0 

20-0 

19-5 

19-0 

2200 

300 

39-5 

41-0 

39-5 

40-0 

42-0 

44-0 

44-5 

430 

43-5 

42-5 

42-5 

39-5 

242*0 

400 

53-5 

55*0 

55-0 

55-0 

57-5 

58-5 

59-0 

59-0 

/5 8-5 

57-5 

57*5 

56-0 

257-0 

500 

65-0 

65-0 

66-0 

65-0 

68-0 

69-0 

68*0 

69-0 

68*5 

67*5 

67-5 

66*5 

267-0 

600 

74-0 

730 

73-0 

73-5 

75 -0 

76-5 

76-5 

76-5 

76-5 

76-0 

76*0 

75*0 

2750 

700 

80-5 

81-0 

81-0 

83-0 

84-5 

85-5 

83*5 

82-0 

830 

82*5 

82*5 

80-5 

282-5 

800 

87-0 

90-0 

91-5 

93*5 

94-0 

92-0 

89-5 

89-0 

89-5 

88*5 

87*5 

86*0 

2900 

900 

96-0 

99-0 

99-5 

02-5 

02-0 

00-5 

96-0 

96-0 

96-5 

96*0 

95*0 

94-0 

297-0 


V. B.—The hundreds* figure has been omitted in all the columns of Table. 26 except in that for the Annual mean. 




MGIPC—M—VIII-3-1—1 2-9-34— 360. 













































































20gkm 




FIG. 1. SEASONAL VARIATION OF TEMPERATURE 
AT DIFFERENT HEIGHTS OVER POONA AND 


FIG. 2. VARIATION OF MEAN 
LAPSE-RATE WITH HEIGHT 
IN DIFFERENT SEASONS. 
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FIG. 3. HEIGHT-TEMPERATURE CURVES SHOWING DIFFERENT 
TYPES OF TROPOPAUSE AT POONA (P) AND HYDERABAD (H). 
































































































































AND BATAVIA. 

POONA-AGRA - POONA—BATAVIA 


W.) 6 .P.Z .0 Poona, 1 * 34 -. 
































































































































FIG. 5. SOME NEARLY SIMULTANEOUS ASCENTS AT POONA OR HYDERABAD AND AGRA. 


(O) «- * *• »• Poo**, /#*♦. 





















































































































































FIG. 6(c). WINDS AT 3, 4 AND 5 KM. AND MIDDLE AND HIGH 
CLOUD DIRECTIONS ON THE MORNING OF 26-8-29. 


(0>Q. P.*.O.rOONA,1334-. 





































































































(o) *.p.z. 0 . POOH A, 1934. 

































































































6 km. 

1° r 


6km. 

"110 




FIG. 11. SEASONAL VARIATION OF POTENTIAL TEMPERATURE 
AT DIFFERENT HEIGHTS OVER POONA AND HYDERABAD. 


(0)«.*-X.0. POOHA, !*»♦. 
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FIG. 12A. MEAN MONTHLY TEPHIGRAMS (JANUARY-JUNE). 

THE FULL LINES REPRESENT THE TEPHIGRAMS FOR POONA OR HYDERABAD AND THE BROKEN LINES 
THOSE FOR AGRA THE LINES WITH ALTERNATE DASHES AND DOTS REPRESENT THE DEW POINT 
PRESSURE DIAGRAMS FOR POONA OR HYDERABAD. 
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FIG. 12B. MEAN MONTHLY TEPHIGRAMS (JULY-DECEMBER) 

THE FULL LINES REPRESENT THE TEPHIGRAMS FOR POONA OR HYDERABAD AND THE BROKEN LINES 
I HOSE FOR AGRA THE LINES WITH ALTERNATE DASHES AND DOTS REPRESENT THE DEW-POINT 
PRESSURE DIAGRAMS FOR POONA OR HYDERABAD. 
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SOUNDINGS OF TEMPERATURE AND HUMIDITY IN THE FIELD OF A 
TROPICAL CYCLONE AND A DISCUSSION OF ITS STRUCTURE. 

BY 

K. R. Ramanathcm, M.A., D.Sc. 

(Received 25th April 1935.) 

Summary .—In connection with the Bay of Bengal storm which crossed the north Madras Coast on 17th Novem¬ 
ber 1933, a series of 10 ascents of sounding balloons carrying meteorographs were made from Madras. The data of 
temperature and humidity obtained from the records are discussed in the first part of the paper. The storm was pre¬ 
ceded by an increase in the thickness of the lower moist layer which is usually present in this season and also by the 
arrival of warm moist air in the upper atmosphere above 8 gkm. With the continued approach of the storm, the lower 
moist layer increased in thickness and the lower surface of the upper layer descended. Near the centre of the storm, 
the two moist columns presumably joined up. 

The second part contains a discussion of certain aspects of a tropical cyclone, such as the height to which it 
extends, the origin of its energy and the probable causes of lowering of pressure near its centre. 

Introduction. 

In November 1933, a depression formed in the south-east of the Bay of Bengal on 
the 14th, and following the usual westerly to northwesterly course, developed into a 
storm on the 16th and crossed the north Madras Coast very near Nellore to its north 
on the evening of the 17th. It weakened rapidly after entering land and the rainfall 
area moved into the Deccan and the central parts of the country. The track of the dis¬ 
turbance is shown in Fig. 1. In connection with this disturbance a series of sounding 
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balloon ascents were made at Madras and at Poona during the period 15th to 20th Novem¬ 
ber 1933. In the present paper the results obtained from these ascents are summarised 
and this is followed by a discussion of the structure of a tropical storm. 

The dates and times of ascents of the sounding balloons, the maximum heights 
reached and the distance and direction of the places of fall from the places of release are 
given in Table I. The positions of the Soundings on the 15th, 16th, 17th and 18th rela¬ 
tive to the storm-centre are indicated in Fig. 2. It is unfortunate that the instruments 




FIG. 2.—POSITIONS OF THE SOUNDINGS (S) ON THE 15TH, 16TH, 17TH AND 18TH RELATIVE TO THE 

STORM-CENTRE (C). 

sent up from Madras on the evening of the 17th and on the morning of the 18th—the two 
that were nearest the centre of the storm—were not recovered. 


Table 1 . 


Place. 

Date. 

Time hrs. I. 8. T. 

Maximum height 
(dynamic 
met*, os.) 

Distance and direc¬ 
tion of place 
of fall. 

Madras 

15th November 1933 

1716 

18040 

64 km. 246° 


16th November 1933 

1800 

17040 

118 km. 251° 


17th November 1933 

0404 

17010 

94 km. 228° 


17th November 1933 

1801 

Not recovered. 


18th November 1933 

0400 

i 

Do. 


18th November 1933 

1755 

18340 

115 km. 299° 


19th November 1933 

0400 

18800 

115 km. 299° 

Poona . . • 

17th November 1933 

1727 

18440 

92 km. 328° 


19th November 1933 

0407 

18040 

43 km. 355° 


20th November 1933 

1730 

17070 

80 km. 49° 


The pressures, temperatures, and humidities at various levels obtained from the 
different ascents are given in the Appendix. 
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PART I. 

Brief description of weather conditions associated with the storm. 

Fig. 3 shows the curves of variation of surface pressure, temperature, humidity and 
vapour pressure at Madras on the 17th and 18th. In the same figure is also shown the 
rainfall at Madras and the curves of pressure at Nellore. This last curve and the sequence 
of weather at Nellore make it clear that we are dealing with a fully developed tropical 
cyclone. Some weather remarks recorded by the Nellore Observer on the 17th are ex¬ 
tracted below :— 

“ From 1430 hrs. very strong squally wind from the north-west of force about 7 com¬ 
menced, accompanied by'rain. At 16 hrs. the wind attained a force of 10, many trees 
fell down and the rain was heavier. This continued till 1745 hrs. after which there was 
complete lull. The rain as well as wind stopped and the pressure began to show signs 
of rising. At 1800 hrs. the wind commenced again, blowing with force of 8 9, from 
the south in the beginning and from the southeast after half an hour, accompanied by 

rain. This continued till 0130 hrs. on the 18th.” 

It is interesting to note that there was considerable dissymmetry in the distribution 
of rainfall before and after the passage of the storm centre, the amount of rainfall 
registered at Nellore between 8 hrs. and 17 hrs. on the 17th being 3-17" while that 
between 17 hrs. on that day and 3 hrs. on the 18th being only 0-50". As is evident 
from Fig. 2, there is a corresponding dissymmetry in the Madras rainfall also* 

Upper air conditions over Madras during 15th to 19th. 

The height-temperature and height-humidity diagrams of the ascents are given 
in Figs. 4 and 5. 

The sounding balloon ascent at Madras on the 15th was made at 1716 hrs. ; at the 
time of the ascent, the sky was lightly clouded with Cu and Cist. The record shows a 
large lapse-rate of 9°C/gkm. in the first 1-45 gkm. followed by an isothermal layer with 
a thickness of about 0-5 gkm. The air had increasing humidity with height in the first 
1-4 gkm. and was nearly saturated at the top as shown by one of the curves. The begin¬ 
ning of the inversion marked the boundary between the lower turbulent moistened air 
and the upper subsiding dry air. Above the inversion, the humidity was 15 to 30 per 
cent with indications of a feeble maximum near 4 gkm. The limit of the troposphere 
was marked by an isothermal layer beginning at 15280 gdm ; the inversion began at 

16700 gdm. . 

On the 16th also, the ascent was made in the evening at 1800 hrs. Ihe cloud at 

the time of the ascent was Ast 6 and Stcu 4 (mammato-form). Earlier in the day, Cu 
and Ci were present. The humidity was nearly steady at about 60 per cent, till 1-2 gkm. 
and thereafter increased rapidly to saturation. The lapse-rate showed a marked decrease 
at 1-4 gkm. The top of the moist layer was at 2-6 gkm. in one curve and at 2-9 gkm. 
in the other. A pilot balloon sent up at 1600 hrs. showed a NNWly. to Nly. wind up to 
1-2 km. and a NEly. wind at 1-5 and 2 km. The traje ctories of air movement show that 

* See B. N. Desai and S. Basu, ‘ Evidence in favour of non-symmotrical structure — Cyclones in Indian Seas 
Gerl. Beitr. Geopb. 1933, 40, 1—10. 
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the northerly wind was coming direct from North India while the northeasterly above- 
was coming across the Bay. Higher up, there were three significant increases of tem¬ 
perature, one beginning at 4-0 gkm. a second at 8*1 gkm. and a third at 14-0 gkm. The 
increase of temperature above 8-1 gkm. was accompanied by high humidity. Between 
the top of the lower moist layer near 2-7 gkm. an$ the bottom of the upper moist layer 
beginning at 8-1 gkm. there was thus comparatively smaller humidity. With the increase 
of temperature and moisture above 8-1 gkm. there was also an increase of lapse-rate 
between 10 and 13 gkm. 

Of the two instruments that were sent up on the 17th, only the one released at 0404 
hrs. in the morning was recovered. At the time of the ascent, the sky was overcast with 
Ast and Stcu and light intermittent drizzle had begun at 0230 hrs.* The important 
changes noticeable in the upper air conditions since the evening of the 16th are— 

(1) The rise of the top of the lower moist layer to 3-7 gkm. 

(2) An increase of temperature between 1-5 and 2-7 gkm. and a decrease between 

2-7 and 6-2 gkm. 

(3) The lowering of the upper moist layer to 7-0 gkm. and 

(4) A large difference in humidity between the ascending and descending curves 

in the region 5-7 gkm. (It may be remembered that the place of fall of 

the instrument was 94 km. to the south-west of Madras.) 

It will be. seen from Fig. 4 that the increase of thickness of the lower moist layer 
has broken down the inversion at its top. The decreased temperature between 2*7 and 
6-2 gkm. would give rise to instability and seems to be of significance in the mechanism 
of the cyclone. The low temperature in this region may be due to (1) the cooling of the 
originally dry air by evaporation of direct precipitation or of particles of moisture brought 
into it from the region of rainfall by the process of mixing or (2) an en masse raising of 
dry stable air by on-coming monsoon air underneath. Both these processes were pro¬ 
bably operative in the present instance ; both would cause an increase of relative humi¬ 
dity, but the former would raise the specific humidity also. 

The first registration of upper air conditions after the passage of the depression 
inland was from a meteorograph sent up at 1755 hrs. on the 18th {Fig. 5). There was 
intermittent rain during the earlier half of the day, but the last spell terminated at 1230 
hrs. and there was only some cirrus haze and a few pieces of cumulus at the time of the 
ascent. A pilot balloon which was sent up at 15 hrs. and reached a height of 1*7 km. 
showed south-easterly winds. The meteorograph record showed that— 

(1) There was a region of small lapse-rate between 1-8 and 3-0 gkm. and an inver¬ 

sion at 3-4 gkm. 

(2) High humidity was confined to below 2-2 gkm. and 

(3) compared to conditions on the morning of the 17th, the temperatures on this 

day were lower from 1-5 to 2-6 gkm., higher from 2-7 to 5-2 gkm., and again 

* One feature of the ascent on 17th November 1933 may receive comment here. Appreciable quantities of rain 
began to fall at Madras only after 7 hrs. on the 17th. The question of what causes the growth of cloud particles into 
the big drops which constitute rain has been considered by T. Bergeron and he has suggested that the process of aggre¬ 
gation takes place mainly at temperatures below the freezing point. The splitting of drops by air currents will be 
smaller in the case of solid particles and the decreased vapour pressure over ice as compared to that over water will 
make the ice particles grow at the expense of the particles of water. It is of interest to note that on the morning 
of the 17th the top of the lower moist air column had gone up to 3-7 km. where the temperature was only 4°C above 
the freezing point. 
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lower above 7*5 gkm. The stratosphere began with an inversion at 16300 
dynamic metres. 

Isopleths of temperature, potential temperature and equivalent potential tempera¬ 
ture obtained from these ascents are drawn in Figs. 6 (a), ( b ) and (c). Regions where 
the relative humidity was over 80 per cent, are indicated by shading in Fig. 6 (a). In 
these regions, it may be expected that a small ascent would cause the air to follow a 
saturation adiabat. In the absence of heat exchanges by radiation or by mixing, a mass 
of air would keep its potential temperature constant so long as it remains unsaturated. 
The rise of temperature and of potential temperature between 4 and 7 gkm. on the 16th 
afternoon are to be explained as being due to adiabatic descent of dry continental air. 
Temperatures and humidities at the high level stations Coonoor and Kodaikanal show 
that at Coonoor on the mornings of the 16th and 17th and at Kodaikanal on the after¬ 
noon of the 16th and on the morning of the 17th the air was exceptionally dry. 


Station. 

Da to. 

Time. 

D. B. 

W. B. 

R. H. 

Coonoor (5730 ft.) . 

15 

8 hrs. 

62-0 

58-8 

Per cent. 

84 


16 

8 hrs. 

61-7 

50-0 

44 


17 

8 hrs. 

63-0 

51-0 

43 

Kodaikanal (7688 ft.) 

15 

8 hrs. 

51-4 

51-4 

100 


16 

8 hrs. 

48-9 

45-3 

77 


16 

17 hrs. 

52-0 

43-0 

47 


17 

8 hrs. 

53-0 

42-7 

41 


17 

17 hrs. 

55-3 

52-0 

80 


The rise of potential temperature above 8 gkm. with its attendant rise of humidity 
requires a different explanation ; the air at these levels is probably the air rising above 
the heavy rainfall area associated with the storm and carried by the easterly winds pre¬ 
vailing at these levels. 

The changes of temperature observed on the 17th morning receive an explanation 
when we examine the diagram of equivalent potential temperature. Ordinarily in the 
tropics, owing to the decrease of vapour-pressure with height, the equivalent potential 
temperature decreases rapidly with elevation. This is especially marked above a “ dry ” 
inversion. After reaching a minimum, the E. P. T. again increases; owing mainly to 
the normal stable stratification of the atmosphere. Air of high E. P. T. near the ground 
is not generally capable of rising to the region of the same E. P. T. in the higher levels 
for two reasons: (1) so long as the ascending air is unsaturated, the movement of air is 
determined not by changes of equivalent potential temperature but by those of poten¬ 
tial temperature and (2) when saturated air of limited volume ascends through an environ¬ 
ment of dry air, it rapidly becomes unsaturated by the effect of mixing. But when the 
height of the lower moist layer increases, there comes a stage when the ascent from the 
lower to the upper level becomes easy. For example, on the 15th evening, the E. P. T. 
line 340°A was met with at 0-7 gkm. and again at 9-7 gkm. With the approach of 
the storm, the lower of these two levels went up and the upper one descended. On the 
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17th morning, the 340° line was found at 3-3 gkm. and again at 7-0 gkm. Moreover the 
relative humidity in the intervening layer had also increased. The course of changes 
suggests that later in the day, the equivalent potential temperature in the whole region 
between 3 to 6 km. was in the neighbourhood of 335°A. The probable trend of lines 
of flow are indicated by arrows. On the 18th afternoon, conditions somewhat similar 
to those on the 16th had again established themselves with dry air as low as 2-5 gkm. 
As the storm passed well to the north of Madras, the real warm sector air is partially 
missed by confining our attention to Madras upper air data. The defect can to a limited 
extent be remedied by calling in the aid of observations taken at Poona. The data of 
the ascents at Poona on the 17th, 19th and 20th show that on the 19th evening, the air 
of the warm sector had come over the place in the first 5 gkm. (vide Fig. 9). By 
replacing in Fig. 6 (c), the Madras data of the 18th by the Poona data of the 19th, we 
can obtain a rough east to west section of the storm field along the latitude of Madras 
as it stood on the 16th afternoon. Such a modified diagram is shown in Fig. 6 ( d ). 
Owing to mixing with the previously existing land air near the ground, the Poona data 
would give too low values of equivalent potential temperature in the first two gkm. 

The most important features shown by the diagrams can be summarised as below :— 

(1) There is a strong concentration of upward vertical movement in the neigh¬ 

bourhood of the centre of low pressure—the upward movement being pre¬ 
dominantly in advance of the storm centre. As has been already men¬ 
tioned, the rainfall associated with the cyclone was much greater in quantity 
before the passage of the low-pressure centre than after it. 

(2) The warm air rising above the rainfall area and moving with the upper winds 

acts as a leader ” of the storm. This is shown by the rise of tempera¬ 
ture and humidity above 8 gkm. even on the 16th. 

(3) There is similarity in vertical structure between the tropical storm and the 

“ occluded ” cyclone of temperate latitudes, the dry air taking the place 
of cold air in the latter. 

Two charts showing the detailed distribution of rainfall as recorded on the morn¬ 
ings of the 18th and 19th are given in Figs. 7 (a) and ( b ). Upper wind charts and trajec¬ 
tories on the 17th, 18th and 19th are given in Fig. 8. The rainfall distributions on the 
18th and 19th and the upper wind trajectories show that the dissipation of the storm 
on entering land was partly if not mainly due to dry land air coming from the south and 
destroying the humid-labile condition of the feeder-current. 

Upper air conditions over Poona on 17th, 19th and 20th. 

The cyclone entered land on the evening of the 17th, and on the 19th morning the 
residual low pressure wave was passing northwards over Poona. 

On the 17th, the skies over Poona were clouded with Cist. The sounding balloon 
ascent on the evening of that day (Fig. 9) shows that temperatures were abnormally 
low from 5 to 15 gkm. The winds were weak northeasterly to easterly and southeasterly 
up to 6 gkm. and west-south-westerly above. The easterly current was mainly anti- 
cyclonic dry air but the increase of humidity above 4 gkm. indicates that between 4 and 
6 gkm., moist air was probably beginning to be drawn in. The weather was unsettled 
on the 18th and light intermittent drizzle occurred during the night and next morning, 
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but there was no measureable rain by 8 hrs. on the 19th. Rain occurred in the after¬ 
noon intermittently from 1240 hrs. to 1930 hrs. The sounding balloon ascent on the 
morning of the 19th showed that since the 17th evening, temperatures had markedly 
decreased from the ground up to about 4 gkm. and the air was nearly saturated from 
the surface up to 5 gkm. (in one curve) and nearly dry above. There were inversions 
or sudden decreases of lapse-rate at 5-4, 7-7 and 12-1 gkm. This is similar to what oc¬ 
curred over Madras on the 16th, but there is no evidence of an upper layer of humidity. 
On the 20th evening, when the next ascent was made, practically all traces of the 
depression had disappeared except for some cumulus and moderately strong cumulo¬ 
nimbus. The temperatures at almost all levels were intermediate between those on 
the 19th and the 17th. There was high humidity from 1 to 3-2 gkm. above which it 
gradually decreased. The isopleths of temperature, _ potential temperature and equiva¬ 
lent potential temperature are drawn in Figs. 10 (a), (b) and (c). The comparison of 
the tephigrams of the ascents at Madras on the morning of the 17th [Fig. 11 (a)] and 
at Poona on the morning of the 19th [Fig. 11 (6)] is interesting as showing the unstable 
conditions which prevailed over Madras and the stable conditions over Poona. 

Changes of temperature near the tropopause. 

At the time of falling pressure, both in the Madras and Poona ascents, there were 
marked increases of temperature for 2 to 3 gkm. below the original level of the tropo¬ 
pause. At neither place can it be said that there was a lowering of the tropopause al¬ 
though it is possible to interpret the inversion over Madras on the 16th and 17th near 
14 gkm. as an incipient conversion of a normal tropopause of tropical latitudes into one 
of composite type (Type IV).* 

PART n. 

Some general considerations regarding tropical cyclones. 

The characteristics of a tropical cyclone are a region of very strong winds (force 
about 10 in Beaufort Scale) and rapidly falling barometer round a small area of very 
weak winds near the centre of lowest pressure. Torrential rainfall is always associated 
with it, generally on one side of the storm centre. The central area of weak winds has 
comparatively fine weather and is 10-30 km. in diameter. Many investigators believe 
that the hurricane winds blow approximately in circles round the central calm region, 
but all do not share this view.f Recent investigations in India have shown that all 
tropical cyclones have associated with them an upglide front at which moist air ascends. 
The front may reach the ground or may be occluded, but the course of weather phenomena 
leaves little doubt that it exists. Fronts of the same character are found to occur asso¬ 
ciated with depressions which never develop into full-fledged tropical storms. We have 
therefore to consider that the storm stage is an incident in the development of a tropical 
depression which may or may not occur. Fig. 6 (c) shows that in the inner region of a 
tropical cyclone, there is strong ascent of a well-fed lower moist air stream through 


* Mem. Ind. Met. Dept., Vol. XXVI, part IV, p. 58. 
f B. N. Desai and S. Basu, loc. cit. 
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a region unstable for ascending saturated air presumably into an upper current which 
rapidly carries away the air which feeds into it from below. 

We shall now consider two important questions regarding a tropical storm :— 

(a) How high does it extend and at what level is it deepest ? 

(b) What is the source of energy of the storm ? 

As regards (a), we should naturally expect a certain amount of variation from one 
storm to another. Pilot balloon observations in the vicinity of a storm are naturally 
scanty, but there is enough material available to show that strong cyclonic circulation 
exists to a height of more than 4 km. There are a few instances where 6 km. winds are 
also available (generally only on one side of the storm centre) which show cyclonic cir¬ 
culations. In this particular storm, there was a significant fall of pressure up to 7 gkm. 
even at a distance of about 100 km. from the storm centre ; the absolute values of pres¬ 
sure-fall were practically the same from the surface up to 4 gkm., but the ratio of the 
fall of pressure to the mean pressure at the level was greatest at 3 and 4 gkm. Although 
this gives a general idea of the conditions above a storm, we have to remember that our 
estimates are subject to certain limitations some of which are practically impossible 
overcome. The nearest distance from the centre of the storm at which a balloon was 
released was 250 km. Owing to the movement of the balloon with the upper winds, 
the pressures and temperatures do not refer to points on the same vertical nor to the 
same instant of time. From general considerations, we should expect the tropical storm 
to have its origin and maximum intensity at the levels of maximum vertical convec¬ 
tion. Naturally, this would not be at the ground where both ground friction and the 
solidity of the earth would prevent the maximum vertical movements being developed. 
In laboratory examples of tornadoes and in natural small scale cyclones such as dust- 
devils, an essential condition for formation is super-adiabatic lapse-rate. In the free 
atmosphere, super-adiabatic lapse-rates for dry air are practically unknown; but lapse- 
rates lying between dry adiabatic and saturation adiabatic and with a sufficient supply 
of moist air underneath are common and can develop to explosion-point. 

(6) The question of the energy of cyclones has attracted much attention particularly 
from the point of view of the cyclones of temperate latitudes. Margules investigated 
the development of kinetic energy in two simple cases, one in which two equal air masses- 
with differing potential temperatures were initially lying side by side, and the other in 
which one air mass of lower potential temperature was superposed on another of higher 
potential temperature. He showed that with the temperature contrasts which are 
usually observable in the atmosphere, the first is much more likely to be the main source 
of the energy of storms of temperate latitudes. As a variant of the case (2), W. Littwin* 
investigated the kinetic energy that can be developed by the overturning of an air mass 
with super-adiabatic lapse-rate of temperature. He showed that if initially a column 
of air of height 3 km. has a lapse-rate of 12°C/km. then the re-distribution of mass which 
will be associated with the attainment of equilibrium will be attended with an increase 
of kinetic energy equivalent to a velocity of 15 m/s. Although instability for vertical 
movement of dry air occurs in the atmosphere only in the neighbourhood of insolated 
ground, instability for vertical movement of saturated air is fairly common especially 
under tropical conditions. 


* W. littwin: quoted in Koschmeider’s Dynamische Meteorologie (1933), p. 336. 
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V. Bjerknes and others* consider that there are two possible ways in which the 
kinetic energy of cyclones can be generated. One is by the local concentration through 
wave-motion of pre-existing air-movement. This, although of significance for increasing 
the kinetic energy, is yet insufficient by itself to account for such large velocities as are 
observed. The second is by the conversion of the potential energy of the solenoidal field 
of pressure and density when the pressure is not a function of density alone. They con¬ 
clude that “ the attainment of large velocities in storms depends on the fact that a fast 
moving air mass can take part in work-generating circulation in a strong solenoidal 
field ”. 

D. Bruntf expresses his disagreement with the above view and considers that the 

dF . 

term — 2 co in the expression for the rate of increase of circulation is the most 

important one for the growth of large-scale circulations in the atmosphere, to is the angular 
velocity of the earth and F is the projection of the area enclosed by a material curve 
•on the equatorial plane of the earth. If an area F' lies on the horizontal plane at latitude 
<f>, F = F' sin <{>. Contraction of a horizontal material curve increases cyclonic circula¬ 
tion while its expansion increases anti-cyclonic circulation. From expressions, that have 
been developed by Lord Rayleigh and D. Brunt, it is easy to calculate the order of velo¬ 
cities which may be expected from the operation of this cause. 

If matter be removed from the centre of a circular disc of radius R 0 initially at 
rest with respect to the earth, and if, after a time, its radius has contracted to R, there 
would have been generated in the inflowing fluid, a cyclonic velocity whose magnitude 
at distance r from the centre of the disc is given by 

R\-R* . . 

v —■ - co sm <f> 

T T 

co sin (f> Quantity of matter removed expressed as area 
“ r X n * 

Let us suppose that air equivalent to a fall of pressure of 10 mb. or 0-3" over a cir¬ 
cular area of diameter 400 km. is removed from its centre and let this removal take place 
from a thickness of the atmosphere equivalent to a fall of pressure of 200 mb. The con¬ 
traction in area will be nearly 

7tX 200 2 X<^ sq. km. 

and the resulting tangential velocity at a distance of say, 100 km. from the centre will 
be 

10 7.3 x 10” 5 

v =200 2 X 10 10 X 200 x 100 X 10 5 X cm./sec. =36 cm./sec., 
where sin < f> is'taken to have a value 1/4. 

This mechanism, although of importance in initiating the cyclonic movement, is 
not apparently directly responsible for the growth of large velocities. 

* V. Bjerknes, J. Bjerknes, H. Solberg and T. Bergeron,: Physikalische Hydrodynamik, 1933, Ch. IV. 
t D. Brunt, Physical and Dynamical Meteorology, 1934, p ; 177. “ It is thus not possible to explain the growth 

of large-scale horizontal circulations in the atmosphere by the reactions due to the gradients of pressure and density 
not being parallel to each other.” 
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In tropical cyclones, we have to distinguish between the intense circular vortex of 
comparatively small diameter and the extensive disturbed field surrounding it. The 
kinetic energy of the latter probably arises from the annihilation of isobaric-isosteric 
solenoids which are mainly created by the unstable superposition of unsaturated air 
over a layer of saturated air. The observed kinetic energy in the inner core can at least 
qualitatively be accounted for by the pressure field. A velocity of 40 m./s. at a distance 
of 100 km. from the cyclonic centre would be in equilibrium with a pressure gradient of 
21 mb./degree assuming that in a tropical cyclone at such a distance from the centre, 
the geostrophic component of the wind can be neglected. The main problem is, how 
is the pressure field produced and maintained ? 

A study of the weather charts shows that when a thick moist column of air advances 
towards higher latitudes in the northern hemisphere, the low pressure area is formed 
in the left hand corner of the advancing moist column. Near the tropical “ warm ” 
front, there is a region of very heavy rainfall. Above this area of rainfall, there should 
be a large and rapid increase of temperature. Calculation shows that one inch of rain¬ 
fall will liberate a quantity of heat which would be sufficient to raise the temperature 
of the whole thickness of the atmosphere above a place at sea-level 6°C. The expan¬ 
sion of the air above the region of rainfall will make the air-movement in the upper layers 
(Fig. 12) divergent. We know from the dynamics of a warm front that the cold air in 
advance of the front will be accelerated towards the left. At the left hand corner of 
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the front, there will therefore be formed both in the lower cold air and in the upper warm 
air a cyclonic whirl. The centrifugal action of the winds will tend to keep the denser 
air in the upper layers away from the axis and accumulate the warmer air in the central 
regions of the whirl*. Thus the pressure gradient round the centre will grow. The ulti¬ 
mate lowering of pressure will depend on the excess of temperature inside. In order to 
produce a lowering of pressure of 2 cm. of mercury in the interior of a depression the 
mean temperature of the whole atmosphere should rise by about 7°C. If only half the 
thickness of the atmosphere is involved, the excess of temperature will be 14°C. Most 
of this rise of temperature will be caused by the latent heat released by rainfall but part 
may be due to adiabatic descent in the centre of the low. It may be remembered that 
there is no agency known to us as effective as rainfall for rapidly increasing the tempera¬ 
ture of large masses of air. 

A lowering of pressure can also be caused by a west to east velocity over the rotating 
earth or a downward acceleration of the air. The equation governing the pressure lapse 
in a vertical direction^ is given by 

dw 1 

Tt - 2 « cosef, = - - Tz —g, or 

1 Sp dw 

~p Yz^^Tt- 2 ^ UC0S( ^ 

where the positive direction of x is towards the east and that of z vertically upwards. 
In the static atmosphere, the second and third terms on the right-hand side of the second 
equation vanish. Let us now consider the relative magnitudes of all the terms in the 
neighbourhood of a tropical cyclone. As pointed out by Brunt, the effect of the term 
involving earth’s rotation is negligible even when the zonal wind is as much as 100 m/sec., 
being then only 1-4 cos <f> cm/sec 2 . If there should be a lowering of pressure due to verti¬ 
cal movement, the acceleration should be downward. It is known that the central region 
of a tropical storm is often marked by absence of rain and comparatively less cloudy skies. 
Abnormal dryness is also sometimes experienced in such regions. All these indicate a 
descending movement of air. We have however no reliable estimate of the magnitude 
of the downward accelerations. In stormy weather, it is known that sounding balloons 
with normal rates of ascent of about 5 meters per second are sometimes carried down¬ 
wards for vertical distances of 5-6 km. If this downward velocity develops within a 

• . . dw dw 

height of 3 km., the corresponding acceleration will be given by w 2 =2 h or 

will be about 0-4 cm/sec. 2 An estimate of upward acceleration in hailstorms has been 
made by Brunt. He has shown that in order to raise a spherical hailstone of radius 3 cm. 
in an ascending current, a vertical upwards velocity exceeding 55 m/sec. would be re¬ 
quired. If this velocity is developed within a distance of 3 km., the acceleration will be 
50 cm/sec. 2 This is by no means negligible compared with g (980 cm/sec. 2 ) and if it ex¬ 
tends over a height of the atmosphere corresponding to 1/5 of its total mass, the change 
of pressure experienced at the earth’s surface would be 1/5X50/980x76 or about 0-8 cm. 
of mercury. Although sudden rises of pressure of 2 or 3 mm. of mercury are commonly 


* V. Bjerknes, On the Dynamics of the Circular Vortex, etc., Geof. Publ. II, No. 4, Kristiania 1921. p. 43. 
t D. Brunt, Physical and Dynamical Meteorology, p. 268, 
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met with in connection with thunderstorms and hailstorms, and it is possible to explain 
them as being due to vertical acceleration of air, no exceptional sudden rises of pressure 
have been noted in the region of torrential rainfall of a tropical cyclone. It would there¬ 
fore be unreasonable to explain the lowering of pressure in the central region of a tropical 
storm as being due to a corresponding downward acceleration of air. 

The general conclusion of this discussion is that the central vortex of a tropical 
cyclone is caused by the concentration of warm air in the upper levels in a- definite region 
connected with a tropical up-glide front, heavy rainfall being mainly responsible for the 
rapid increase of temperature over a limited region. 

The storm winds round the cyclone will tend to keep the warm air inside protected 
against rapid dissipation. The conditions that will help to fill up the vortex are (1) a 
decrease in the supply of moist air at the front leading to a diminution of rainfall and 
hence of the supply of warm air in the upper air and (2) inflow of air into the low caused 
by ground-friction and consequent undergradient winds. 

Conclusion .—Apart from theories, the prime necessity for a fuller understanding of 
tropical cyclones is the collection of more data of temperature, humidity and air move¬ 
ment at as many levels in the atmosphere as possible in the neighbourhood of such cyclones. 
The east coast of Peninsular India is visited every year by one or more storms coming 
directly from the sea and both topography and upper winds are favourable for the 
recovery of a good percentage of sounding balloons. It is hoped that more oppor¬ 
tunities will be available for the study of such storms. 

The thanks of the author are due to the staff of the Upper Air Section at Poona and 
to the assistants and observers at Madras for the part they had in the calibration, sending 
up and the recovery of the instruments and the working out of the records. The help 
of Mr. K. P. Ramakrishnan, Assistant in the Upper Air Section, Poona, has been specially 
valuable in the preparation of the paper. His thanks are also due to Dr. C. W. B. 
Normand, Director General of Observatories for his kind interest in the work. 
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APPENDIX l. 

Pressures, temperatures and humidities at different levels over Madras. 
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APPENDIX 2. 

Pressures, temperatures and humidities at different levels over Poona. 
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Fig. 3. Variation of the meteorological elements at Madras and pressure at Nellore 

cn the 17th and 18th November, 1933. 
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FIG. 5. 
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(a) TEMPERATURE 


(b) POTENTIAL TEMPERATURE 


(c) EQUIV. POT. TEMPERATURE 



17 18 13 

Fig. 6. Isopleths of temperature, potential temperature and equivalent potential temperature drawn from the ascents at Madras. 
kutt: Isopleths of eq. pot. temp, modified by partial substitution of Poona data. 
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Fig. 8. Upper winds and (selected) trajectories of air movement on 17th. 18th and 19th. 
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Fig. 10. Isopleths of temperature, potential temperature and equivalent potential temperature drawn from the Poona ascents 
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TYPHOONS AND INDIAN WEATHER 


BY 

V. Doraiswamy Iyer , 5.4. 

(Received 27th May 1935). • 

A 6s£ractf.— Typhoons of the Pacific Ocean and the China Seas which had moved westwards and struck the coast of Indo- 
China or south China in the years 1884 to 1930 were examined, and it was found that 135 out of 370 affected the weather in 
India. The typhoons have been classified according to the degree of re-development of the residual lows in India ; a short 
account of each of these typhoons and of their effect on Indian weather has been given. Tracks have been drawn for those 
which developed into storms or depressions. 

The months July to November were found to be the chief months in which the residual lows from the typhoons travelled 
across the hilly country of Indo-China or south China and entered the Indian area. Many of those which crossed over in the 
months September to November developed into storms or well marked depressions. It is seen that the typhoons travel over 
Indo-China in more southerly latitudes with the advance of the season. It appears further that they travel mostly with the 
equatorial easterlies along the climatic front between the humid monsoon current and the comparatively drier winds from the 
north. It is found also that typhoons that develop into storms in the Indian seas are generally of small extent. 


tfw&v r 1 




Introduction. 

In the first edition of the Handbook of Cyclonic Storms in the Bay of Bengal published 
in 1890 Sir John Eliot stated it as an important generalisation that “ all cyclonic storms 
in the Bay of Bengal originate or are produced in the Bay itself ” 1 . A footnote however 
mentioned that the storm of 13th to 20th September 1888 was a probable exception to this 
rule, as it apparently entered the Andaman Sea from the Gulf of Siam. The Port Blair 
Cyclone of 1891 for which Eliot obtained distinct evidence of its having crossed the Malay 
Peninsula into the Andaman Sea led him to examine past records for similar storms, and a 
list of these is given in his account of the Port Blair cyclone 2 . He could not trace this 
storm further east into the China Sea and held that it developed in the Gulf of Siam under 
conditions similar to those which govern the formation and growth of storms in the Bay. 

By the time the second edition of the Handbook appeared in the year 1900, another 
storm, the Chittagong cyclone of October 1897, had_also appeared from beyond Tenasserim. 
This led Eliot to modify slightly his views on the origin of storms in the Bay and to recognise 
that occasionally storms may enter the Bay from the east 3 . The above two cyclones 
were shown to be connected with typhoons in the China Sea by the Rev. Jose Algue, S.J., 
Director of the Philippine Weather Bureau, and complete tracks and full accounts of 
these storms were given by him under the heading “ Two remarkable typhoons 4 . 

In the India Monthly Weather Reviews of years subsequent to 1900 a few Bay of 
Bengal storms are stated to have probably entered the Bay from the Gulf of Siam, but no 
attempt seems to have been made to trace them further east until 1921 when the present 
writer became interested in the subject. Soon afterwards the storm of 8th to 10th Novem¬ 
ber 1922 was found to be a continuation of a typhoon in the China Sea and a complete 
description of it is given in the Annual Summary for that year. The Bengal Cyclone of 
September 1919 was also found to be connected with a typhoon in the Pacific Ocean and has 
already been described in detail 5 . A systematic examination of all recorded typhoons of 


1 Sir Jo)in Eliot: “ Handbook of Cyclonic Storms in the Bay of Bengal.”—Ed. 1, 1890, p. 105. 

2 Ind. Met. Dep. Cyclone Mepioirs. Part V, 1893, p. 142. 

2 Sir John Eliot: “ Handbook of Cyclonic Storms in the Bay of Bengal.”—Ed. 2, 1900, p. 161. 

4 Rev. Joso Algue : “ The Cyclones of the Far East.”—Ed. 2, 1901, pp. 219-229. 

6 Ind. Met. Dep. Sci. Notes. Vol. 3, No. 29, 1931. 
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past years was undertaken with a view to determine how many of them had affected the 
weather in the Indian area and how many of the storms and depressions of the Bay of 
Bengal had a ‘ far eastern ’ origin. This work was undertaken in 1925, but has made very 
slow progress owing to the exigencies of office work. The years examined extend from 
1884 to 1930 and the results of the examination are set forth in the following pages. 

Data used. 

The main source of information was the list of typhoons in each month of the 26 years 
1893 to 1918 and the corresponding typhoon tracks given in L’Atmosphere en Extreme 
Orient, Son Etat Normal, ses Perturbations by the Rev. Louis Froc, S.J., Director of the 
Zi-Ka-Wei observatory. For years prior to 1893 and subsequent to 1918 the typhoon 
tracks given in the Hongkong publications were available. They were consulted for the 
period 1893 to 1918 also, whenever necessary, to supplement the information given in the 
typhoon list of the Rev. Louis Froc. Occasionally the Bulletins of the Manila Observatory 
were also referred to. 

An inspection of the typhoon tracks given in the above publications showed that for 
our present purposes the typhoons might be divided into two classes. 

(a) Those which, after travelling for some time in a westerly or northwesterlv direc¬ 

tion, recurve either out in the sea or near the coast of China to the north 
and northeast, and then travel towards Japan and the Yellow Sea. 

(b) Those which travel in a direction between west and northwest throughout their 

course, and strike the coast of southern China or the Indo-Chinese Peninsula. 

The table below gives for each month the total number of typhoons in Rev. Louis 
Froc’s list, and the number which falls under class (6). It is seen that, taking the year as a 
whole, a third of the typhoons fall in this class.. Westward moving typhoons are rare in 
the first half of the year. In the second half, two out of five move westward ; the maximum 
occurs in October, when such typhoons form nearly half the total number. The third line 
gives the numbers which have been found in the present examination to have affected the 
weather in India. 


Table I. 



J. 

F. 

M. 

A. 

M. 

J. 

J. 

A. 

s. 

0 . 

N. 

D. 

Year. 

Total number of typhoons 

31 

17 

18 

14 

33 

34 

91 

92 

109 

95 

52 

34 

620 

Typhoons of class (b) 

3 

1 

1 

3 

6 

7 

37 

28 

45 

46 

17 

10 

204 

Typhoons which affected Indian 
Weather. 

0 

0 

0 

0 

0 

5 

15 

9 

26 

17 

5 

0 

77 


It is clear that typhoons of the first class need not be considered in the present dis¬ 
cussion. Even in the second class, only those typhoons which cross the coast south of Lat. 
25° N., and continue to travel in a westerly direction, would ordinarily be expected to 
influence Indian Weather. The investigation was consequently limited to the typhoons 
which crossed the coast south of Lat. 25° N. A list of these typhoons was prepared giving 
the date and place of their origin, the direction and speed of their movement and the date 
and place of their crossing the coast. The dates on which the typhoons crossed the coast 
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were not available in many cases and had to be calculated from the known speed of their 
movement. The list contained 370 typhoons. Incidentally it was found that a few 
typhoons which crossed the China coast north of Lat. 25° N, and travelled westwards 
also affected the weather in India. 


Method of examination. 

The problem then was to follow up the typhoons across the land area of the Indo- 
Chinese Peninsula or southern China, until they emerged into the area included within 
the Indian Meteorological Organization. Here one was faced with the difficulty that 
the former region was.till very recently meteorologically blank and practically no informa¬ 
tion was available for past years. The observatories established by the French and the 
British for issuing warnings to shipping in Chinese waters were confined to the coast or 
its neighbourhood. Even rainfall records were not available to the writer except for 
Siam for the years 1906 to 1924 which were very kindly sent by the Director of Agri¬ 
culture, Siam. It has therefore not been possible to follow the storms in detail over the 
interior of the Indo-Chinese Peninsula. 

The probable behaviour of the typhoons in this region may however be inferred from 
the known life history over the Indian land area of the storms in the Bay of Bengal. The 
latter generally have a fairly long life over land as no high mountains impede their progress 
except m the post-monsoon months when they occasionally encounter the Western Ghats 
on crossing the peninsula. In the Indo-Chinese Peninsula and south China on the other 
hand the country is very mountainous (vide relief map, frontispiece) not far from the 
coast and the typhoons may therefore be expected to lose their intensity rapidly on reaching 
land. If they are not completely broken up by the coastal mountains they may dissipate 
over the hilly country or get deflected northwards especially if there be a marked north¬ 
ward component in their velocity when striking the coast. Under favourable conditions 
they may continue to travel in some westerly direction towards Burma in a very weakened 
or m an occluded condition. Whenever this happens the approach of the residual depres¬ 
sion from the typhoon will be heralded by a fall in pressure and the appearance of negative 
pressure departures from normal over the east Burma stations. Later the low itself 
may be expected to appear over Burma ; simultaneously there would be a strengthening 
of the monsoon current to the south and an increase of rainfall in Burma. As the residual 
depressions have travelled over hilly country and the cyclonic circulation in the lower 
layers has consequently been cut off, the indications mentioned above would not be definite 
from surface observations in many cases ; and the residual low would become recognisable 
only when it had had time to re-develop and extend to the surface either over Burma or in 
the Bay. Such a sequence of events has been often noticed in the daily weather charts 

before the formation or intensification and movement of depressions at the head of the 
Bay. 


Knowing the rate of travel of a typhoon in the China Sea when approaching the coast, 
we may, m the absence of more definite information, assume with a fair degree of accuracy, 
that this speed will be more or less maintained during the travel of the residual depression 
over Indo-China.* The probable date of the appearance of the residual low in Burma or 


surpriiLTn viewof the aff ^ ding , a 7° rki “S hypothesis was not justified in all eases. This is not 

total nuliber of tvnhnnna n ^ f * ^ ‘ rat ? of trav ® 1 of R storm does ™ry in different stages of its life. About half the 

rfi£ srs a ***•—*» 
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the Andaman Sea was thus calculated. The Indian weather charts were then examined 
about the calculated date for indications of the appearance of the residual disturbance from 
typhoon, and the daily rainfall records of Siam for the passage of the low over that country. 

Results of examination. 

The examination revealed that out of the 370 typhoons in the list, as many as 235 
did not affect the weather in India or the indications of their influence were very indefinite. 
The distribution year by year of the remaining 135 typhoons that affected the weather 
in India is shown in the following table :— 


Table 2. 
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1900+ 
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3 

7 

10+ 
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2 

4 
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5 

3 

4 

1 
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3 

4 

4 

3 

3 

5 

3 
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Of the above 135 typhoons it was found that a few re-developed into storms in the 
Indian area while many re-developed into depressions ; others travelled as negative pressure 
departures associated with rainfall and some indicated their influence only by an increase 
of rainfall. Hence the typhoons may be differently grouped according to the degree of 
of re-development of the residual low in the Indian area. The numbers that fall under 
each group and their distribution in the different months of the year are shown in table 
3 below:— 

Table 3. 



Juue. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Year. 

(1) Typhoons which re-developed into 
storms. 


4 


3 

8 

5 


20 

(2) Typhoons which re-developed into 
depressions. 

i 

8 

9 

20 

8 

2 


48 

(3) Typhoons which helped to intensify 
depressions which had already 
formed. 

i 

6 

4 

•• 


•• 


11 

(4) Typhoons which did not re-develop, but 
travelled as negative pressure depar¬ 
tures associated with rainfall. 

5 

8 

7 

13 

7 

2 

2 

44 

(5) Typhoons which did not re-develop, but 
exhibited their influence by rainfall 
only. 

1 

5 


3 

3 



12 

Total 

8 

31 

20 

39 

20 

9 

2 

135 
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It will be seen from tables 1 and 3 that of the typhoons which crossed the coast of 
southwest Asia roughly a third affected the weather in India. The maximum number 
occurred in September which is also the month in which the maximum number 
re-developed into storms or depressions. 

A brief account of each of the typhoons which affected the weather in the Indian area 
and of the connected storm or depression in the Bay of Bengal or of the effects associated 
with it in the Indian area is given in Sections I to V of the Appendix. Section 1 1 gives a 
list of Bay storms which were due to the development-of'travelling low pressure areas 
from the east, but which were not connected with any recorded typhoon in the China Sea. 
The typhoons are grouped under five classes as explained above, those under each class 
being arranged chronologically for each month. A reference to the publication in which 
a fuller account of the disturbances or their tracks can be found is given in brackets against 
each {vide page 105). 

It is also interesting to know what proportion of the storms and depressions that 
occurred in the Bay of Bengal had a far eastern origin, and were due to the re-develop¬ 
ment of disturbances entering the Bay from the east. Considering the period 1893 to 
1918 the following table has been prepared. The first line gives the total number of 
storms and depressions in the Bay of Bengal, the second the number due to the 
re-development of recorded typhoons and the third those due to the re-development of 
lows unconnected with recorded typhoons. 


Table 4. 
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3 
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It is seen that in the mid-monsoon months July and August one out of nine had a far 

eastern origin, while in September-October the proportion was one in three or four. In 
November only one out of six had an eastern origin. The above table as well as the pre¬ 
vious tables indicate that the conditions for the westward travel of typhoons from the 
China Sea to the Bay of Bengal are most favourable in the months of September and Octo¬ 
ber. It is significant that the Bay monsoon is most active in Siam in the month of Septem¬ 
ber, which is the month of maximum rainfall over the greater part of Upper Siam. It 
is not unlikely that in regions further north which come under the sway of the Bay monsoon 
also the maximum precipitation occurs in this month. 

Tracks of disturbances. 

The tracks of most of the disturbances which fall under classes (1) to (3) are given in 
nine plates at the end of the paper. The method of drawing the tracks is explained below. 
The track of a typhoon given in the “ typhoon tracks ” is usually shown to extend only a 
little way into south China or Indo-China. The track of the connected storm or depression 


lad. Met. Pep. Sci. Notes. Vol. 4, No. 38, 1931. 
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in the Indian area is given in the India Weather Reviews or the Indian Meteorological 
Memoirs. The two tracks were drawn on a map of southern Asia. The Indian track was 
then produced eastwards taking into account the pressure changes over Burma which 
preceded the appearance of the disturbance. The eastern limit of this track over the Indian 
area and the western end of the typhoon track were then joined. Wherever possible the 
rainfall of Siam was utilised for verifying the path of the disturbance over that country. 
The less marked stages over the Indian area are shown by broken lines, while the portion 
connecting the China Sea track and the Indian track is shown by dotted lines. 

The typhoon track charts show that no typhoons passed across the Indo-Chinese 
Peninsula in the first half of the year. It is also seen that the typhoon tracks lay between 
Lat. 20° N. and 25° N. in the month of July and that with the advance of the season they 
travelled in more southerly latitudes so that in November their tracks lay between Lat. 
10° N. and 15° N. As regards the rate of motion of the typhoons over this region, it was 
found that about half the number had speeds of 4° to 6° of longitude in a day ; some 
covered distances of 8° to 10° of longitude in a single day ; while a few travelled slowly, 
at less than 3° of longitude in one day. The seasonal changes in the tracks of the 
typhoons over the Indo-Chinese Peninsula and their relation to the general circulation in 
southern Asia is discussed in the following paragraphs. 

Discussion. 

In the winter months, January and February, cold northerly winds prevail almost up 
to the equator both over India and the China Sea area. In the upper air, above the height 
of about one kilometer, strong westerly winds hold sway down to about Lat. 15° N., and the 
easterlies are confined to regions below Lat. 10° N. ; in the northern margin of the easterlies, 
up to 3 km. at least, the air is mostly fed from the westerlies by a southward flow over the 
Bay and the China Sea. During March and April with the increasing temperature over 
the land area the surface winds change, especially near the coasts ; but the upper air 
circulation above 2 km. remains practically unchanged. In these four months the few 
typhoons that are known to have developed and travelled in a westerly direction in the 
Pacific Ocean east of the Philippines dissipated before reaching the coast of Cochin China. 

In the month of May there is a marked increase of temperature over India and a heat 
low is formed over northwest India. A southerly current from across the equator, a fore¬ 
runner of the monsoon, appears in the east of the Bay of Bengal and the south China Sea. 
The westerlies in the upper air over northern India lose their strength and instead of the 
whole of this current proceeding eastwards over Indo-China part of it moves towards the 
southwest across the Peninsula. A few typhoons are known to have reached the Gulf of 
Tonkin, but their travel was in a northerly direction and they did not affect India. 

In June the monsoon low is fully developed over southern Asia, and the south west 
monsoon over India and the southerly monsoon over the China Sea are established. In 
the upper air above 1 km. the maritime current extends only up to the parallel of 16° N. in 
the east Arabian Sea and the Indian Peninsula, and is deflected northwards in the Bay of 
Bengal and flows as a southerly current to higher latitudes over the east of the Bay and the 
Indo-Chinese Peninsula. Northwesterly winds continue in northern India and we may 
•expect that they will be found over the north of Indo-China also. The typhoons of lower 
latitudes in this month, which mostly form to the east of the Philippines, take a 
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north-westerly course over the China Sea till they reach the Gulf of Tonkin, and the few 
that travel further west towards India are felt mainly in Burma and Assam. 

In the mid monsoon months of July and August the typhoons which reach the Chinese 
coast do so mostly to the north of Lat. 20° N. After crossing the coast those typhoons 
which affect the weather in India travel over south China or the north of Indo-China 
between Lat. 20° N. and 25° N., generally in a westerly or west-southwesterly direction till 
they emerge at the head of the Bay of Bengal. Most of the country over which they 
travel is mountainous, the elevation being generally, between 1 and 2 km., and rising above 
2 kms. in places. In these months the monsoon trough of southern Asia extends from 
Arabia to southeast China with the lowest pressure region between northwest India and 
Persia. The southwest monsoon, which flows from an even more westerly direction than 
its name indicates in the Arabian Sea and the south of the Bay of Bengal, is deflected to¬ 
wards the north in the north of the Bay by the Arakan Yomas. A similar deflection takes 
place in Burma on account of the lie of the mountain ranges there and the current flows 
from a southerly direction up the Irrawaddy valley. The part of the Bay monsoon current 
which reaches Indo-China after crossing the Tenasserim and south Burma hills is also 
deflected to the north by the Indo-Chinese coastal range. The northward deflection is 
favoured by the fact that the sister monsoon current of the China seas flows as a southerly 
or south-southeasterly stream up the Indo-Chinese coast into Tonkin and south China. 
It would appear, judging from available data, that such a deflection of the Bay monsoon 
current over Indo-China extends up to*nearly 2 kms. and that at greater heights it retains 
its west-southwesterly direction. Above 4 kms. the monsoon current is replaced by the 
steady equatorial easterlies which extend northwards to the Tropic of Cancer. The parti¬ 
tion between the easterlies and the westerlies lies at about Lat. 25° N. 

It appears that in these months it is only when the monsoon current flowing into 
Burma and the Indo-Chinese Peninsula is strong and deep, and is injecting enough moisture 
into Upper Burma and the hilly Laos country, that the typhoons which travel over this 
region are able to survive as depressions until they emerge at the head of the Bay. When 
the monsoon is not .strong, the inflow of air from the Tibetan plateau into the neighbouring 
lower lands fills the high river valleys in the north of the Indo-Chinese peninsula with 
comparatively drier air. Under such conditions the typhoons get weakened for want of 
supply of moist air. Considering the mountainous nature of the country over which they 
pass and the fact that the monsoon current has also crossed mountain ranges before reaching 
this region, it is not surprising that only about 40 per cent, of the typhoons which strike 
the coast of south China and Indo-China affect the weather in India. 

During September the monsoon trough not only becomes shallower and less extensive, 
but is also shifted southwards especially in its eastern half over the Bay of Bengal and the 
Indo-Chinese peninsula. As a consequence of this change both the Bay monsoon and the 
China Sea monsoon do not extend as far north as in the previous months. The Bay 
monsoon is strongly directed into Siam ; the China Sea monsoon gives less rain in Tonkin, 
but is more active on the Annam coast. To the north of Lat. 20° N. northerly to north¬ 
easterly winds of continental origin flow into Indo-China, causing probably a greater con¬ 
trast in the air masses than in previous months. The partition between the equatorial 
easterlies and the subtropical westerlies in the upper atmosphere appears to be also in about 

Lat. 20° N. Further, the tract of country through which the typhoons travel is less 
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mountainous and less broad. Consequently, unless a typhoon is shallow and is com¬ 
pletely annihilated bv the Indo-Chinese coastal range, there are greater chances of survival 
of the residual low in its journey across the Indo-Chinese Peninsula ; the conditions for its 
revival into a well marked depression or storm are also more favourable in the Bay of 
Bengal, where the monsoon trough usually extends some distance into the north o t e 

Bay of Bengal. , 

‘ The above facts explain the maximum that occurs in this month both in the number 

of typhoons that affect the weather in India and in the number that re-develop into storms 
and depressions- The belt of travel over Indo-China in this month lies between Lat. 

15° and 23° N. and the direction of travel is generally west or west-southwest. The storms 
emerge into the north Andaman Sea or the north of the Bay and generally recurve to the 

north over the Bay or over the central parts of India. 

In October the trough of low pressure over southern Asia completely disappear, 
leaving only a very shallow low over the Bay of Bengal. The winter high develops over 
central Asia and extends from China to southeast Europe. The southwest monsoon with¬ 
draws from India and southerly winds are mostly confined to the south of the Bay of 
Bengal. Dry winds from the northwest pour into the north of the Bay. In the China Sea 
northeasterly winds of land origin prevail to the north of Lat. 20° N., while to the south of 
this latitude northeast winds of maritime origin prevail and give the ‘ northeast monsoon 
rainfall on the coast of Annam. Southerly winds are found only to the south of Lat, 10 A. 

Upper winds up to a hight between 2 and 8 kms. are from the northeast in the 
China seas, become more easterly while passing over the Indo-Chinese Peninsula, and 
veer to the southeast in Burma and the east of the Bay. At 3 km. the winds are easterly 
over the China sea and partly continue as easterly winds over the south of the Bay of 
Bengal, forming in fact part of the equatorial easterlies. With the retreat of the south¬ 
west monsoon the easterlies come down to lower levels. The partition between the 
equatorial easterlies and the westerlies now lies in about Lat. 17° N. over Indo-China and 
the Bay of Bengal. With these changes in the general circulation there is a further 

southward shift of the belt of tracks over Indo-China. 

This belt now lies between Lat. 10° and 20° N. The typhoons that survive the crossing 
of the Indo-Chinese coastal range travel mostly over the Siamese plain and emerge into 
the Andaman Sea after passing over the Tenasserim hills. They seem to follow generally 
a west-southwesterly track over the Indo-Chinese Peninsula and after entering the Bay of 
Bengal turn to the north being evidently carried in the upper air circulation up to 3 kms. 
A few turn to the north in Indo-China itself. Those typhoons which reach lower latitudes 
in the south of the Bay travel westwards along the equatorial easterlies and turn to the 
north only in the Arabian Sea. 

In November the high pressure area over central Asia becomes intensified and more 
extensive, and the low in the south retreats to the equator. The northerly winds at the 
surface consequently extend further south, and the latitudes at which the partition between 
the winds of land origin and those of sea origin take place over Indo-China and the south 
of the Indian Peninsula is also shifted southward. The northeast monsoon continues active 
on the east coasts of Indo-China and of south Madras, and rainfall increases in the southern 
districts. The upper air circulation is changing towards the cold weather type of Decem¬ 
ber when the westerlies not only push the easterlies further south, but also come down 
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■to lower levels, and stream southwards over the neutral region between the two currents 
to meet the easterlies. No typhoon track is found in November to the north of Lat. 15° N., 
while the southern boundary of the belt of tracks is still at Lat. 10° N. They all pass out 
into the north Andaman sea, typhoons which cross the coast of Cochin China taking a 
west-northwesterly course over Cambodia and the Gulf of Siam. They generally turn to 
the north in the east or middle of the Bay. The remarkable typhoon of 1912 is however 
an exception to this rule. 

In December characteristic winter conditions are well established with cold northerly 
winds at the surface and the strong westerlies up above, and no typhoon crosses the Indo- 
Chinese Peninsula. But the fact, that a revival of the ‘ northeast monsoon ’ over the 
south of the Indian Peninsula is often preceded by the westward travel of a low from the 
southeast of the Bay, lends support to the view that occasionally, when humid winds extend 
northwards, the small typhoons that form to the south of Lat. 10° N. may travel westwards 
and cross Lower Siam and the Malay Peninsula into the Bay. It is interesting to note 
in this connection that in Visher’s list of typhoons in latitude 5° to 8° N. 1 , the maximum 
number, nearly a quarter of the total for the year, occurs in this month. It is likely that, 
owing partly to the paucity of observing stations in these latitudes and partly to the fact 
that the storms are small, they cannot be easily recognised and followed. 

We thus see tha^many storms which were considered to have had their origin within 
the Indian area came really from the Pacific Ocean. A few had their origin as far east 
as Long. 145° E. The question arises whether the starting places of the storm tracks can be 
really considered as the birth place of the storms, or whether they had their real source 
further east in the unexplored Pacific Ocean. Visher 2 says that Algue, Froc, and Okada 
all expressed to him the belief that some typhoons develop far out in the Pacific Ocean, 
and writes as follows : “ To-day, although it is known that most of the typhoons first 
attain destructive violence west of longitude 150° E., thf* recently established Japanese 
Meteorological Observatory at Jaluit (170° E., 6° N.) reports that frequently cyclonic dis¬ 
turbances pass the Marshall Islands on their way westward. Such observations make more 
plausible the suggestion of Kimball that some of the tropical cyclones which develop off 
the west coast of Mexico and Central America may cross the Pacific.” Visher has also 
given tracks of tropical cyclones in the eastern north Pacific and near Honololu 3 . 
Although most of these storms seem to travel in a northwesterly direction, some are seen 
travelling in a more westerly direction. If observatories are established in other islands 
favourably situated, we would get valuable information in regard to storms of this type. 

The charts of air transport over-the north Pacific Ocean prepared by W. Werenskiold 4 
show that the meeting place of the northeasterly trades and the southeasterly trades is 
always north of the equator in the eastern part of the Ocean, while in the west, say to the 
west of 180°, this convergence line is pushed south of the equator in the northern winter 
and spring, but begins to move northwards in the month of May; in summer it turns 
north to west of Long. 150° E., and goes towards Japan. The upper wind data at Hono¬ 
lulu 5 indicate that the northeasterly trades are about 3 kms. deep on the average of the 

1 S. S. Visher : “ Tropical Cyclones of the Pacific.”—Bernice P. Bishop Museum Bull. No. 20, 1925, p. 45. 

2 Ibid., p. 40. 

3 Ibid., pp. 74-75. 

4 W. Werenskiold : “ Mean Monthly Air Transport over the Pacific Ocean.”—Geofys. Publ. Vol. 2, No. 9, 1922. 

-s A. Wagner : “ KUmatologie der Freien atmosph&re”—(Handbucli der klimatologie. Band. I, Teil F.h 1931' 
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year. Above this height the winds are southerly to southeasterly in the months of May 
to August, and in general west-northwesterly to northwesterly in the other months. We 
may expect the southeast trades also to be as deep and hence we have over the Pacific a 
line of converging winds 3 kms. deep in which in all probability the southerly trades are 
over-running the northerly trades. It appears not unlikely that along this convergence 
line, cyclonic disturbances may form even on the eastern margin. Such cyclonic storms will 
travel westwards along this line and will intensify when they reach more northerly latitudes. 
Probably such northward movement of some storms takes place in the eastern parts of the 
Pacific, as evidenced by the northerly storm tracks near Honolulu and off the west coast 
of America ; but the majority do not turn towards the north until they reach Long. 140° 
to 150° E., where they move northwards along with the southeast trades. In the incip¬ 
ient stage, the typhoons may therefore be regarded as pressure waves originating in the 
region of convergence between the northeasterly and southeasterly trades. They travel 
westwards with the equatorial easterlies and intensify when they reach more northerly 
latitudes not far from the Asiatic continent. If we could draw the tracks of all these 
low pressure waves in all their stages of development it is probable that we would find 
that a large number of them have their origin in the eastern north Pacific Ocean and finally 
recurve into the general westerly circulation of the temperate latitudes in the western 
North Pacific Ocean, China or northern India. 

The size of a typhoon is extremely variable; some have diameters of 20 to 50 
miles only while others have diameters of 200 to 600 miles 1 . Normally the size of a 
tropical storm increases as it travels to more northerly latitudes, and after recurvature 
when it travels eastwards in'higher latitudes it assumes the dimensions of the storms of 
temperate latitudes. 

It is an interesting fact that although typhoons vary greatly in size, most of those 
that have re-developed into storms in India have been of small extent. Of the typhoons 
listed in Table 3 four re-developed into storms in July and sixteen in the months September 
to November. Of the latter as many as thirteen were storms of small extent, while two of 
the July storms were of small or moderate extent. One of them, the storm of 8th to 10th 
November 1916, had an inner storm area not exceeding 20 miles in diameter. Hence it 
appears that, other conditions being favourable, storms of small diameter have greater 
chances of re-development after passing over mountainous country than storms of great 
extent. 

It is w'ell known that the effect of a mountain range in the path of a travelling cyclone 
is to cut off the bottom of the cyclone up to the height of the mountain. When the cyclone 
reaches the other side the cyclonic circulation is present only in the upper air ; this has to 
extend itself to the surface if the cyclone is to revive and live. Sir Napier Shaw 2 states 
that the cyclonic rotation will extend downwards to the earth’s surface if the convection 
persists long enough. When the cyclone crosses the mountain, it will have to remove a 
great deal of air from the lower layers lying below the height of the mountain in order to 
regain its strength. It has the machinery for beginning the process, namely a suitable 
distribution of pressure which it can superpose on the lower strata ; and, if these consist 
of a suitable sample of air as regards temperature and humidity, the lower air can be sucked 


1 Rev. Louis Froc : “ L ” Atmosphito eu Extreme-Orient.”—Ed. 2, 1920, p. 242. 

« Sir Napior Shaw : “ The Birth and Death of Cyclones.”— London Met. Off. Geophys. Mem. Vol. 2, No. 19, p. 224. 





up and thrown out at the top and be used to scour the column and maintain the cyclone. 


This process however takes time and the cyclone will become recognisable only after 
sufficient time has elapsed for the cyclonic circulation to reach the ground. Now this 
depends upon the rate at which air is removed from the air layers below the level of the 
mountain. It would appear that the larger the pressure gradient of the truncated cyclone 
and hence the larger the wind velocity above the level of the mountain, i.e., the smaller 
the size of the storm, other conditions being similar, the quicker will be the process of its 
revival. A striking illustration of this is given by the storm of 4th to 13th October 1921. 
This storm, which was only 50 miles in diameter in the Bay of Bengal, advanced over 
the Peninsula as an ill-marked depression, crossed the Western Ghats with a height of about 
1| kms. and passed into the Arabian Sea off Marmagao at about noon on the 9th. It 
was encountered by R. I. M. S. Clive the same evening as a storm at about 50 miles from 
the coast. In the case of more extensive storms from the Bay of Bengal (storms of 5th 
to 11th November 1898, 15th to 24th October 1916 and 1st to 8th November 1919) the 
time interval between the emergence into the Arabian Sea and development into a storm 
has been at least 48 hours. This quicker re-development of the circulation in the lower 
air of a small storm naturally gives it greater chances of revival into vigorous life. The 
above considerations seem to offer an explanation why most of the typhoons that have 
re-developed into storms in the Bay of Bengal have been storms of small extent. 
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The appendix contains a brief account of each of the typhoons which affected the weather in India: 
As already explained the typhoons are grouped under five classes according to the degree of re-develop¬ 
ment of the residual low in the Indian area. Those under each class are arranged chronologically for 
each month. The accounts of each class of typhoons is given under a separate section of the appendix. 
Section I contains the accounts of typhoons which re-developed into storms, Section II of those which 
re-developed into depressions, Section III of those which helped to intensify depressions which had already 
formed, Section IV of those which did not re-develop but travelled as negative pressure departures asso¬ 
ciated with rainfall, and Section V oi those which caused an increase of rainfall only. Section VI gives- 
a list of Bay storms which were due to the development of travelling low pressure areas from the east, 
but which were not connected with any recorded typhoon in the China Sea. 

A reference to the publication in which a fuller account of the disturbances or their tracks can be 
found is given in brackets against each. The following abbreviations^ have been adopted for the 
references— 

ZK. List of typhoons given in L’atmosphere en extreme Orient son etat normal ses perturbations 
par le Louis Froc. S. J. (1920). 

HK. Hongkong publications:—(i) Observations and researches made at the Hongkong Obser¬ 
vatory, 1884 to 1901 (ii) Meteorological Observations made at the Hongkong observatory, 1902 to 1912 
(iii) Monthly Meteorological Bulletins, 1913 to 1930. 

IND. India Meteorological Department: Monthly Weather Review and Annual Summary r 
1891 to 1920 and India Weather Review, 1921 to 1930. 

I. M. M. Indian Meteorological Memoirs. 

The tracks of most of the disturbances of the first three classes are given in Plates I to IX. 
Against each disturbance whose track occurs in the plates the plate and track numbers are given for 
easy identification. 

Section I.—Typhoons which re-developed into storms. 

(4 in July, 3 in September, 8 in October and 5 in November.) 


1. Typhoon of 8th to 16th July 1894 (ZK. No. 331) Storm of 23rd to 28th July (Ind. 1894, pp. 310-16). 
Track I (3).—This had its origin near Lat. 15°N„ Long. 127°E., and after passing over Luzon, moved in 
a north-westerly direction and crossed the coast near Kwangchow on the 16th. The residual low pressure 
wave from this typhoon apparently lay over Burma on the 20th-21st and passing westwards developed 
into a depression over deltaic Bengal during the 22nd. It intensified into a moderate storm by the 
morning of the 24th, winds of force 10 to 11 being experienced by the light vessels and pilot brigs near 
the entrance to the Hooghly. The storm moved through Chota Nagpur on the 25th-26tk and filled 
up in Bunaelkhand on the 28th. 

2. Depression of 23rd to 26th July 1924 (HK. 1924) Storm of 2nd to 11th August (Ind. 1924, pp. 100- 
101). Track II (11 ). — This depression developed near Lat. 20°N., Long. 117°E., and moving west crossed 
the coast near Lat. 21°N., Long. 108°E., on the 26th. It appears to have passed over land remarkably 
slowly ; pressure began to fall in Upper Burma only on the 1st August and on the 2nd morning a 
deficiency of pressure of 0-1" lay over central Burma. On passing further westwards into the Bay 
the ‘ low ’ concentrated into a definite depression with centre near Lat. 21°N., Long. 90°E., on the 
morning of the 3rd. It developed into a storm in the next twenty-four hours and crossed the coast near 
Balasore on the night of the 4th ; weakening into a depression again it lay over Central India East on 
the 7th. The depression became ill marked on the 8th, but re-developed in the next 24 hours and 
finally disappeared over north-west India on the 11th. 
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3. Typhoon of 9th to 16th July (HK. 1928)—Storm of 16th to 23rd July (Ind. 1928, pp. C4-C8). Track 
II (12). —This started near Lat. 12°N., Long. 135°E., on the 9th, passed over north Luzon on the 12th and 
crossing the coast near Haiphong was centered at 6 hrs. of the 16th near Lat. 21°N., Long. 105°E. It 
was travelling rapidly westwards, having covered nearly 7° of longitude between 6 hrs. of the 15th 
and 6 hrs. of the 16th. Its approach towards the Indian area was indicated by a fall of pressure and 
the appearance of a negative departure of 0*1" over eastern Burma on the 16th. The pressure fall conti¬ 
nued on the 17th, and the disturbed conditions were extending into the Bay ; pressure was more than 
'015" below normal in central Burma, and very steep gradients were established over the Andaman 
Sea. Weather was stormy in Bangoon and a tornado passed over Moulmein during the day. Wides¬ 
pread and locally heavy rain fell in Burma. The evening upper winds at Calcutta indicated that the 
disturbance had passed out into the Bay, where it re-developed into a storm by the morning of the 
18th with centre near Lat. 20°N., Long. 190°E. The storm crossed the coast near Saugor Island in 
the afternoon of the 19th and weakening into a depression passed over the Central Provinces and 
Bajputana, and disappeared over north-east Baluchistan on the 23rd. 

4. Typhoon of 7th to 10th>July 1929 (HK. 1929)—Storm of 16th to 21st July (Ind. 1929, pp. C4-C5). 
Track II (14). —This started to the north-east of Luzon and travelling in a north-westerly direction 
crossed the coast north of Amoy and is shown travelling westwards over south China, its position 
on the 10th being near Lat. 26°N., Long. 116°E. The low pressure wave from this typhoon affected 
Burma on the 14th ; on this date pressure fell over a large area in Burma and a shallow depression 
appeared over south Bengal and the head of the Bay. It intensified at the head of the Bay next day 
to a depth of —0‘20" and became a storm on the 16th. Advancing along the Gangetic plain it 
disappeared over the west United Provinces on the 21st. 

5. Typhoon of 9th to 12th September 1888 (HK. 1893, pp. 129-30)—Storm of 13th to 20th September, 
(Cyclone Memoirs, Part III, pp. 145 to 184). Track V (1 ).—This typhoon was north of Palawan with 
centre approximately near Lat. 11|°N., Long. 118°E., at noon on the 9th. It was encountered by three 
steamers on the 10th, its centre at noon being near Lat. 12°N., Long. 115°E. It crossed the Annam coast 
on the afternooi^of the 11th and at noon of the 12th was inland near Lat. 14°N., Long. 105°E. It is said 
to have been of small extent in the China Sea, the area of gales not exceeding 50 miles in diameter. On 
the 13th it was passing to the north of Bangkok, and the Bangkok Times gives an account of a gale which 
was felt in the neighbourhood of Bangkok and caused great damage to property and some loss of life. 

The storm crossed the north Tenasserim hills into the Gulf of Martaban in the evening of the 13th 
and at 8 hrs. of the 14th the centre was nearly midway between Diamond Island and Bassein. The 
history of the storm from the time it appeared in the Gulf of Martaban to its disappearance in the Simla 
hills on the 20th is given by Sir John Eliot with a wealth of detailed observational data in the Cyclone 
Memoirs, Part III. The following short summary is based on this account:— 

After leaving Lower Burma the storm travelled in a west-northwesterly direction intensifying in 
its passage across the Bay. The centre crossed the Orissa coast a little to the north of False Point at 
about 3 hrs. of the 18th. The storm was at that time of very considerable intensity ; the barometric 
depression at the centre was nearly eight-tenths of an inch and the area of stormy winds (force 8 and 
upwards) was upwards of 150 miles in its longest diameter. The area of hurricane winds (force 11 and 
12) was about 70 miles in diameter as judged by the experience of the pilot vessel Coleroon. At False 
Point the hurricane winds began half an hour after the instant of lowest barometer, and lasted about 
a couple of hours ; the barometer rose more rapidly in the rear than it fell in the front. Within a few 
hours of crossing into land the barometric depth at the centre was reduced to 0*4", but the storm con¬ 
tinued to travel almost due west until it reached the neighbourhood of Nagpur where it was stationary 
for nearly 16 hrs. on the 17th-18th ; then it advanced almost due north and broke up in the Simla hills 
on the 20th. 
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This storm is important as being the first known to cross over as a definite storm over the Tenas- 
serim hills. The details given above indicate that it intensified while passing across the Bay and that 
just before crossing the Orissa coast it was deeper, and considerably more extensive and more vigorous 
than it was in the China Sea. 


6. Typhoon of 9th to 18th September 1897 ( ZK . No. 522)—Storm of 23rd to 26th September {Ind. 1897 , 
pp. 434-7). Track V (7 ).—This violent typhoon had its origin near Mariannes and travelling west and 
north-west reached the Annam coast north of Hue. A brisk fall of pressure in and around the north 
Andaman Sea and the northing of the winds on the Pegu coast on the morning of the 22nd September 
indicated the emergence of the residual depression into Indian waters. By 8 hrs. next day this passed 
out into the Bay and intensified into a storm. The storm crossed the coast south of Gopalpur and 
curving to the north over the Central Provinces disappeared in the Kumaon hills on the 26th. 

7. Typhoon of 7th to 14th September 1919 {Hk . 1919)—Cyclone of 20th to 25th September 1919 {Ind. 
1919 , p. 107 and Ind. Met. Dept. Sc. Notes , Vol. Ill, No. 29). Track VI {16 ).—This typhoon had its 
origin on the 7th over the western Carolines, near Lat. 9°N., Long. 145°E. It moved thence in a west- 
northwesterly direction and split up into two disturbances during the 11th in the neighbourhood of Lat. 
15°N., Long. 130°E. while one of these, the secondary, travelled north to Japan, the less marked primary 
moved westwards and crossing Luzon lay in the China Sea in the neighbourhood of Lat. 17°N., Long. 
119°E., on the morning of the 14th. During the next two days it took a south-westerly track over the 
China Sea and crossing the coast of Cochin China lay over Cambodia on the morning of the 17th. The 
rainfall records of Cambodia and Siam indicate that the disturbance passed over these countries along 
a track which was roughly parallel to the coast line and entered the Andaman Sea on the 20th. From 
there the depression passed westwards into the Bay of Bengal on the 22nd. It rapidly intensified into 
a storm during the day and curving to the north and north-northeast crossed the coast of Bengal in the 
afternoon of the 24th. It was then a severe cyclone, but of small extent, and caused considerable 
damage along its track in the districts of Khulna, Faridpur, Dacca and Mymensingh. The storm lay 
over the Mymensingh district on the morning of the 25th and dispersed that afternoon in the Khasi 
hills. 


8. Typhoon of 22nd to 31st October 1891—Port Blair Cyclone of 1st to 7th November 1891 {Cyclones 
of the Far East, pp. 219-225 Cyclone Memoirs, Part V, Chap. IV, pp. 35 to 103). Track VII {1 ).—The 
typhoon appears to have formed to the south of Palawan between the 22nd and 24th of October and 
then to have moved in a westerly direction* It was apparently entering the Gulf of Siam on the 28th, 
and was felt on the 30th and 31st in Lower Siam. Having had a sea travel till then it was a severe typhoon 
and the towns of Bandon and Chaiya were almost completely destroyed. After crossing the Malay Penin¬ 
sula near the Isthmus of Kra it emerged into the Andaman Sea as a severe storm on the 1st November. 
It crossed the Andaman Sea in a west-northwesterly direction and passing over Port Blair in the early 
hours of the 2nd entered the Bay of Bengal. In the Bay its track slowly curved through north-west to 
north on the 3rd and 4th. On the morning of the 5th the storm centre passed a little to the east of Gopal¬ 
pur and Puri, and advancing in a north-easterly direction passed over False Point in the afternoon, and 
to the east of Shortt’s Island at the mouth of the Dhamrah river late in the evening. The storm con¬ 
tinued to recurve on the night of the 5th and began to weaken ; at 8 hrs. of the 6tb the centre was 
crossing the coast of the Sunderbans some distance to the east of Saugor Island and moving in an east- 
northeasterly direction. The storm continued to weaken rapidly during the day, was only a slight depres¬ 
sion over Cachar in Assam on the morning of the 7th, and disappeared in the course of the day. This 
storm was a severe cyclone with an inner storm area which was elliptical shaped, its largest diameter, 
approximately in the direction of advance of the storm, averaging 80 miles and the shortest diameter 
averaging 60 miles. The central calm area was also probably elliptical shaped, and its largest diameter 
was about 5 miles. The minimum pressure just outside of the calm area was less than 28*1" or 1*9" 
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below normal throughout the greater part of its life and was probably slightly below 27'75" on the 1st 
.and 2nd. This storm has been discussed in great detail by Sir John Eliot in the Cyclone Memoirs, 
Part V. 

9. Typhoon of 18th to 27th October 1894 {ZK. No. 7) — Storm of 29th October to 5th November {Ind . 
1894, pp. 492-6). Track VII (2). —This typhoon started to the north of Mindanao on the 18th and passing 
over Cochin China entered the Gulf of Siam on the 27th. The weather chart of the 29th October shows 
the residual low from the typhoon over the Andaman Sea ; this passed westwards into the Bay and 
re-developed into a storm on the 30th October. The storm crossed the Circars coast on the 2nd 
November and curving to the north over the Peninsula finally disappeared in the hills of the United 
Provinces on the 5th. 

10. Typhoon of the 16th to 19th October 1897—Chittagong Cyclone of 21st to 24th October 1897 {Cyclones 
of the Far East, pp. 225-9 and Ind. 1897. pp. 487 to 491). Track VII {3 ).—This typhoon had its origin in 
the Pacific Ocean in about Lat. 8°N., probably as far east as 140°E., and was noticed approaching the 
Philippines on the 16th. It passed over the.northern portion of Mindanao in a west-northwesterly 
direction on the night of the 16th-17th and reached Barbacan by noon of the 18th. It continued on a 
west-northwesterly track over the China Sea and crossed the coast of Cochin China near Cape Padaran 
in the forenoon of the 19th. Thence it apparently passed over Cambodia and Siam, and crossing the 
Tenasserim hills between Lat. 13° and 15°N., appeared in the north Andaman Sea as a well marked depres¬ 
sion on the morning of the 21st. It rapidly re-developed into a storm and moving in a north-westerly 
direction passed within 50 miles of Diamond Island during the night of the 21st, and was situated about 
120 miles to the west-northwest of that Island near Lat. 16J°N., long. 92|°E., at 8 hrs. of the 22nd. 
Thence it followed a track curving to the north and north-east, and crossed the coast near Chittagong 
on the night of the 24th, the centre passing over Chittagong observatory at 8 p.m. Hurricane winds 
in the inner storm area caused great destruction of property and crops in the belt over which it passed 
and the storm wave which accompanied it was of destructive violence find affected 225 square miles of 
country. 

11. Typhoon of 11th to llth October 1900 {ZK. No. 27)—Cyclonic storm of 20th to 27th October {Ind. 
1900 , pp. 676-81). Track VII {4). —This typhoon appeared to the east of Luzon on the llth and crossed 
the Annam coast south-west of Tourane on the evening of the 17th. It was entering the north Andaman 
Sea as a diffuse low pressure area on the 19th and was shown as a depression there on the 20th. Thence 
it passed westwards and intensified into a storm which crossed the coast north of Madras on the morning 
of the 24th. The lowest'pressure recorded at Madras was 0*31" below normal. It weakened quickly 
while crossing the Mysore plateau and passed out in a very degenerate condition into the Arabian Sea. 

12. Typhoon of the 2nd to 9th October 1909 {ZK. No. 60)—Storm of 15th to 18th October {Ind. 1909, 
pp. 104-5). Track VIII ( 7 ).—This typhoon which had its origin near Lat. 16°N.,Long. 142°E., travel¬ 
led in a west-northwesterly direction till it reached Luzon and then in a west-southwesterly direction 
over the China Sea. It crossed the Annam coast on the 9th not far from Tourane. In Siam locally 
heavy rain was recorded in the Circles of Uttara, Rajasima and Ayuthia on the 10th, Prachin on the 
llth and Surashtra on the 12th. It emerged as a well marked depression into the Andaman Sea to the 
south of Mergui on the 14th October. The depression re-developed rapidly into a storm and lay with 
centre not far from Table Island on the 15th. It followed a curved track over the Bay and reached the 
Sandheads on the 17th ; thence it passed into eastern Bengal and disappeared on the 19th. It was a 
severe storm and caused much injury to life and property especially in the Backergunj district. 

13. Typhoon of 12th to 18th October 1911 {ZK. No. 70) — Storm of 20th to 23rd October {Ind. 1911, 
pp. 100-101). Track VIII ( 8 ).—This typhoon started on the 12th near Lat. 9°N., Long. 134°E., and 
travelling in a direction slightly north of west passed over the Philippines and the China Sea, and 
crossed the coast of Cochin China. It appears to have moved later in a west-southwesterly direction 
over Cochin China and the Gulf of Siam, and entered the Andaman Sea near Victoria Point as a well 
defined and vigorous cyclonic circulation, of which the centre lay about 100 miles to the west of Victoria 
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Point, on the morning of the 20th. Moderately heavy rainfall was recorded in the Circles of Surashtra 
_and Bhuket in lower Siam on the 19th and 20th. The disturbance intensified considerably during the 
day while travelling north-westwards and at 8 hrs. of the 21st when near Table Island it was a small but 
dangerous cyclone with an inner area of violent winds and probably a calm centre. The storm curved to 
north-east during the 22nd and crossed the coast near Kyaukpyu on the 23rd. It was speedily broken 
up by the hills, and the residual low pressure filled up over Upper Burma next day. 

14. Typhoon of 21st to 28th October 1915 (ZK . No. 88)—Storm of 4th to 7th November (Ind. 1915, 
pp. 115 and 148). Track VIII {10). —This typhoon started nearLat. 10°N., Long. 132°E., and travelled 
in a west-northwesterly direction ; and according to the Hongkong track it turned west-southwest on 
approaching the coast and passed inland south of Tourane on the 27th. On the 28th it is placed near 
Lat. 16°N., Long. 107°E. The residual depression appears to have passed over Siam in a feeble condi¬ 
tion on the 28th and 29th, on which dates there was some increase of rainfall in the Circles round the 
Bight of Bangkok. Its passage across Tenasserim is not definitely indicated by pressure changes as 
weather was disturbed in the Andaman Sea from the 28th onwards ; but the depression which appeared 
in the neighbourhood of Table Island on the 31st was apparently a continuation of the residual disturbed 
-conditions from the typhoon. The depression intensified during the day and began moving slowly west¬ 
wards on the 2nd. On the 4th it was a storm with centre near Lat. 13|°N., Long. 87°E. The storm 
crossed the coast near Nellore and passed out into the Arabian Sea as a depression near Goa on the 7th. 

15. Typhoon of 7th to 10th October 1916 (HK)—Storm of 14th to 24th October (Ind. 1916 , pp. 104-05 ). 
Track VIII (11). —This typhoon started near Macclesfield and moving west-northwest crossed the coast 
near Tourane on the 9th. The Hongkong track indicates a west-northwest course for the residual depres¬ 
sion, but its subsequent entry into the Andaman Sea at a lower latitude makes one think that it took a 
west-southwest course over Siam. This view is supported by an increase x>f rainfall in the Circles of 
Uttara on the 10th, in Rajasima and Ayuthia on the 11th and in Rajaburi on the 11th and 12th. It 
entered the Andaman Sea on the 12th and continuing on a west-southwest course passed out into the 
south-east of the Bay on the 14th and developed into a storm which was situated near Lat. 9|°N., Long. 
88°E., on the morning of the 15th. The storm moved west-northwest, crossed the Madras coast on the 
16th and passing out into the Arabian Sea travelled in a direction between northwest and west-north¬ 
west to within about 300 miles from the Kuria-Muria Islands. It could not be followed later but pro¬ 
bably passed into Arabia. 

16. Typhoon of 13th to 15th November 1884 (HK. 1884, p. 141)—Storm of 19th to 21st November (Ind. 
Met. Mem., Vol. IV, p. 168). Track IX (7).—This formed to the east of the Philippines and was near 
Lat. 11°N., Long. 123°E., at 10 hrs. of the 13th ; passing in a west-northwesterly direction it struck 
the Annam coast near Cape Batangan at about noon of the 15th. The winds and pressure changes at 
Moulmein between the 16th and 18th give some indication of the westward passage of a c low ' to its 
south. This ‘ low 5 appears then to have passed across the Andaman Sea into the Bay, where it 
re-developed into a storm on the 18th or 19th. The storm crossed the coast close to Madras on the 
morning of the 21st. Regarding this storm Sir John Eliot says :—“ No ships contributing logs were 
involved in this storm and hence nothing is known definitely of its origin. It apparently formed on 
the 18th or 19th nearly midway between Madras and the Andamans. It was a storm-of small extent 
hut of considerable intensity and gave a deluge of rain to the coast districts near Madras. It filled up 
in the course of the 21st in the south Deccan.” 

17. Typhoon of 12th to 16th November 1891 (HK. 1895, pp. 144-6)—Storm of 20th to 23rd November 
(Ind. 1891, pp. 371-4). Track IX (2).— This typhoon started on the 12th to the west of Luzon, crossed 
its southern provinces on the 13th and passing westwards across the China Sea struck the Annam coast 
a little north of Phulien Harbour at 1 a.m. of the 16th. From the morning of the 15th its track was 
slowly curving southwards, and at noon of the 16th it was centred near Lat. 13°N., Long. 107°E., moving 
west-southwest. 
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A brief summary of the weather in the Bay between the 11th and 17th based upon land observations 
and the scanty marine data available for the south-east of the Bay is given in the Monthly AA eather 
Review for November 1891, pp. 370-1 ; the conclusion drawn is that in the last few days of this period 
“ winds were very light and unsteady and weather squally with frequent and probably heavy rain ” in 
the south-east of the Bay. Thus conditions were favourable for the formation and development of a 
storm in this region. 

The weather conditions on the 18th are described as follows “ The land observations also indicate 
that'a shallow depression covered the centre and south of the Bay. The marine data establish that 
southerly winds prevailed over the east of the Bay as far north as Lat. 17°N., whilst north-east to north¬ 
west winds blew steadily in the western half of the Bay as far south as Lat. 7°N. The weather was 
squally with moderate to heavy rain in the south-east of the Bay ”. 

Combining the above summary of conditions in the Bay, with the fact that the typhoon from 
China was moving west-southwest from the neighbourhood of Lat. 13°N., Long. 107°E., it appears that 
the residual depression from the .typhoon probably entered the south Andaman Sea in about Lat. 10°N., 
and that on the 18th it was probably near Lat 9° or 10°N., Long. 95°E., a position which it would have 
reached if it had continued to travel between the 16th and 18th at the same speed as it had on the 15th- 
16th. By the morning of the 19th the depression appears to have reached the neighbourhood of Lat. 
H°N., Long. 88°E., and to have intensified in the next 24 hours into a storm owing to the greater tempe¬ 
rature contrast between the strengthening humid oceanic winds to its east and the north-west to north¬ 
east winds probably of land origin tofits west. It moved very little in this period of intensification, but 
was slowly recurving and was recognised as a storm on the 20th noon near Lat. Ilf N., Long. 87^ E. 
In the next three days it travelled in a north-easterly direction towards the Arakan coast, which it 
crossed near Sandoway at about noon of the 23rd. It weakened rapidly on crossing the coast and 
was shown as a shallow depression over central Burma on the 24th and filled up in the course of the day. 

This storm is therefore the second to enter the Bay from the east in this month ; it appears also to 
have crossed Tenasserim near the Isthmus of Kra. But as it had passed over the hills of Annam and 
travelled partly over land, it was a depression at the time of its entry into the Andaman Sea and re¬ 
developed into a storm only after passing out into the Bay. Sir John Eliot says that “ It was a storm of 
great intensity with a calm central area (in which pressure was probably considerably below 28*00 ) 
and an inner storm area of hurricane winds surrounding this central area ’ . 

18. Typhoon of 3rd to 8th November 1912 (ZK. No. 133)—Bay depression of 10th to 19th November— 
Arabian Sea storm of 20th to 22nd November (Ind. 1912 , p. 106). Track IX (4).— This typhoon, called 
the Nliatrang typhoon on account of the extraordinary violence with which it struck the town of that 
name in Indo-China, had its origin on the 2nd November over the western Carolines in about Lat. 7°N., 
Long. 143°E. A full account of this typhoon with several barograms and two charts for the 6th and 8th 
is given in the Monthly Bulletin for November 1912 of the Philippine Weather Bureau. According to it 
the typhoon travelled slowly in the first two days ; thereafter it travelled at the rapid rate of about 18 
miles an hour in a west by north direction. The calm centre, about five miles in diameter, passed over 
the steamer Marinduque in the Dumaran channel of the Philippines on the evening of the 6th. By the 
time it reached the Annam coast in the early hours of the 8th it had become very violent and broke with 
such fury over the district round Nhatrang that it was said to have been unparallelled within living 
memory. The centre of the typhoon passed some forty miles to the north of Nliatrang where pressure 
fell to 729 mm. between 5-30 and 6 a.m. At 10 a.m. that day the centre lay over land near Lat. 12£°N„ 
Long. 108°E. The typhoon apparently weakened considerably on striking the neighbouring mountains 
which near this region have peaks rising to about 6,000 ft. 

The residual depression passed over Cambodia and Siam in the next two days. Its passage over 
Upper Siam is indicated by the increase of rainfall over this region on the 8th and 9th ; the total amount 
based on the rainfall recorded at 59 stations at 10 hours each day between the 7th and 11th were : 7th 
195 mm., 8th 434 mm., 9th 1037 mm., 10th 565 mm. and 11th 80 mm. 
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After crossing the Tenasserim hills the residual disturbance emerged into the north Andaman Sea 
on the 10th and moving slowly westwards lay to the west of Table Island on the 12th. Thereafter it 
was not well marked and appears to have travelled on a south-westerly track over the Bay of Bengal till 
it reached a position to the east of Ceylon on the 16th. It lay off the south-east coast of Ceylon on the 
morning of the 17th and was practically stationary there during the next twenty-four hours; in this 
period the disturbance intensified owing to a strong inflow of drier air into it from the south of the Penin¬ 
sula. The strong north-easterly monsoon current to its north caused very heavy rain on the south Coro¬ 
mandel coast on the 16th and 17th ; in the 48 hrs. ending 8 a.m. of the 18th the total average rainfall 
in the coastal districts of South Arcot and Tanjore was 8-3' and 7-4' respectively. On the 18th the 
•disturbance began moving in a north-westerly direction and developing further lay as a well marked 
depression over the Gulf of Manaar and its neighbourhood on the morning of the 19th. The depression 
crossed the south of the Indian Peninsula during the day and passed into the Arabian Sea off Cochin. 
The widespread rainfall associated with it caused destructive floods in the south Madras rivers. 

The depression intensified rapidly in the Arabian Sea and was a storm near the Laccadive Islands 
on the morning of the 20th. The storm continued on a north-westerly course till the morning of the 21st, 
when it lay near Lat. 16°N., Long. 70°E. Then it recurved to the north-east and crossed the coast just 
north of Bombay at about noon of the 22nd ; considerable damage was caused in the Bombay harbour. 
Its rapidity of motion between the 19th and 22nd was unusual. 

After passing inland the storm weakened into a depression and passing rapidly across the head 
of the Peninsula lay over the east of the Central Provinces on the morning of the 23rd and near Calcutta 
at 8 hrs. of the 24th. It caused a burst of unusually abundant rainfall in the Central Provinces, Central 
India, the United Provinces and north-east India, with the result that the month’s total fall was one of 
the largest on record in these regions. By the morning of the 25th it had moved to central Burma where 
it gradually filled up without however causing any precipitation. The rainfall records of Siam do not 
indicate a further eastward motion of the disturbance. In its rapid motion eastwards across the north 
of the Peninsula it resembled the western disturbances of winter. 

This storm is remarkable not merely for the length of the track which it pursued in a westward 
direction from Long. 143°E., to Long. 70°E., but also for the fact that after crossing the coast near 
Bombay it travelled eastwards up to nearly Long. 100°E. 

19. Typhoon of 1st to 4th November 1916 (ZK. No. 144)—Storm of 8th-10th November (Ind. 1916, 
p. 116). Track IX (5). This typhoon was formed near Mindanao and travelling west-northwest was near 
Saigon on the 4th. It appears then to have passed over Cambodia and central Siam, its passage over 
Siam being associated with a spurt of general rain over the central Circles of Maharashtra, Bishnulok, 
Nagarswarga, Rajasima and Rajaburi between the 4th and 6th. It was entering the north Andaman Sea 
on the 6th, was centred to the north-east of Table Island on the morning of the 7th and passed close to 
Diamond Island at 18 hrs. that day. Moving in a north-westerly direction over the Bay the storm crossed 
the coast near Balasore on the 10th morning. It began then to turn north and at 8 Ins. the centre 
was close to Midnapore where the barometer stood 0-50" below normal. It travelled north-east during 
the day and disappeared near Sirajganj on the 11th. It was a severe disturbance of unusually small 
extent, its inner storm area probably not exceeding 20 miles in diameter while passing over Midnapore. 

20. Typhoon of 4th to 7th November 1922 (HK. 1922)—Storm of 8th to 10th November (bid. 1922, p. 9). 
Track IX (6). This started as a depression east of Mindanao on the 4th, and intensifying into a Typhoon 
in the China Sea lay over Lower Cochin China near Lat. 10°N., Long. 106°E., in the early morning of the 
7th. It appears to have continued to move westwards and the rainfall records of Siam show a sudden 
spurt of fairly widespread rain in the Circles adjoining the Gulf of Siam on the 6th and 7th, the extreme 
western circles of Rajaburi and Nagarswarga having the increase on the 7th and 8th. The typhoon 
crossed the Tenasserim hills in the neighbourhood of Mergui and lay over the Andaman Sea on the 
morning of the 8th. Moving north-west it passed close to Diamond Island in the early hrs. of the 9th 
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and curving to the north and north-northeast in the Bay crossed the coast near Akyab in the afternoon 
of the 10th. It was a moderately severe storm of small extent, with a calm central area of about 4 miles 
in diameter and a narrow ring of hurricane winds round it. 

Section II.—Typhoons which redeveloped into depressions. 

(1 in June, 8 in July, 9 in August, 20 in September, 8 in October and 2 in November.) 

1. Typhoon of 22nd to 25th June 1894 (ZK. 295)—Depression of 28th June to 2nd July (Ind. 1894 , 
p. 289). —This typhoon had its origin near Lat. 12° N., Long. 120° E., and crossed the coast near the 
Straits of Hainan on the 25th. The residual low pressure area was affecting Burma on the 27th and 28th 
passed into the Bay on the 29th and concentrated into a feeble depression over the north-west angle of 
the Bay on the 30th. This disappeared over Chota Nagpur by the morning of the 2nd July. 

2. Typhoon of 26th July to 4th August 1891 (HK . 1895 , pp. 130-133)—Depression of 12th to 18th 
August {Ind. 1891 , pp. 248-250). Track I (1 ).—This typhoon was first noticed passing very near Manila 
city in the morning of the 26th'July. Entering the China Sea next day it travelled slowly on a track 
changing from north-west to north and then to west-northwest, and crossed the coast west of Macao on 
the 3rd. On the 4th it was passing to the north of Pakhoi apparently in a westerly direction. Assuming 
its rate of motion between the 2nd and 4th, 3° a day, to be maintained by the residual depression we 
should find it in about Lat. 23° N., Long. 90° E., on the 11th. The actual sequence of phenomena were :— 
Pressure fell briskly in Burma and Bengal on the 10th, a pressure departure of —0-07" appeared over 
Upper Burma and east Bengal on the 11th and was followed by a depression (0*20" deep) over central 
Bengal on the 12th. The depression moved slowly westwards and then turning to north-west disappeared 
near the Kuniaon hills. 

3. Typhoon of 15th to 21st July 1906 (ZK. No. 372)—Depression of 25th to 29th July (Ind. 1906, 
p . 84). Track I (4). —This typhoon started near Lat. 15° N., Long. 136° E., and reached land near Amoy. 
Its first effect in India was shown by a fall of pressure of 0-1" on the 23rd in the north-eastern districts of 
Burma. The low passed next day to the north-east angle of the Bay and developed into a depression, 
whose depth was a quarter of an inch on the morning of the 25th. It crossed the coast during the day, 
was over Chota Nagpur on the 27th and over Bihar on the 28th. By that time it was only a shallow 
depression and finally disapjieared in the west of the United Provinces. 

4. Typhoon of 17th to 21st July 1909 (ZK. No. 379 bis)—Depression of 24th to 27th July (Ind. 1909 , 
p. 72). Track I (5). —This typhoon which had its origin near Lat. 12° N., Long. 128° E., travelled west- 
northwest and crossed the coast near Tourane on the 21st. On the 21st-22nd rainfall was moderately 
heavy in Siam in parts of Uttara, Roi Etch, Nagarswarga, Bishnulok and Maharashtra, the chief amounts 
recorded on the 22nd being Maung Nan 80 mm., Muang Prae 79 mm., Dhani 100 mm., Khambaeng Bejra 
77 mm. and Bichai 43 mm. On the 22nd July pressure fell in Tenasserim and Pegu, and the isobars 
opened out over central Burma leaving an area of rather uniform pressure tliere. Pressure changes 
next day indicated a passage westwards of this low pressure wave, and a tendency to the formation of a 
depression appeared in the north-east of the Bay. On the morning of the 24th a shallow depression was 
shown off the Orissa coast ; it disappeared over Central India East on the 27th. 

5. Typhoon of 17th to 25th July 1912 (ZK. No. 393)—Depression of 27th to 30th July (Ind. 1912 , p. 
66). Track 1 (6). —This typhoon was west of Ballintang Channel on the 21st and after traversing the 
Straits of Hainan was travelling west near Haiphong on the 25th. A brisk fall of pressure over Burma 
on the 26th and the widespread *heavy rainfall in Lower Burma in the previous 24 hours indicate the 
approach of the residual low, which passed over Burma, on the 26th. By the morning of the 27th it had' 
passed out into the head of the Bay and developed into a depression there. The depression intensified 
in the next 24 hours to a depth of 0*35" at the centre, and moving rapidly in a west-northwesterly 
direction passed out into the Arabian Sea on the 30th. 



6. Typhoon of 26th to 31st July 1913 (HK.)—Depression of 5th to 12th August (Ind. 1913, p. 82). 
Track I (7).—This typhoon had its origin near Lat. 15° N., Long. 135° E. and moved west-northwest up 
to the north of Luzon; then it travelled for some distance towards northwest and north, and again 
curved to the west on approaching the coast. On the morning of the 31st July its centre was 100 miles 
north-northwest of Hongkong. It took a west-southwest track over land and was shown as a shallow 
depression over Tongking on the morning of the 2nd August. Pressure was 0-5" below normal over east 
Burma on this date and fell steadily over Burma and northeast India in the next two days so that on the 
4th morning there was a region of uniform pressure from Burma to the United Provinces and the iso- 
anomalous line of —-15" embraced central and north Burma and the adjacent parts of northeast India. 
Widespread and locally heavy rain fell on these days in south and central Burma. There was also locally 
heavy rain in the Bayab circle (Siam) on the 2nd. From the above data it is clear that the diffuse depres¬ 
sion was slowly moving westwards from Tongking and that it was over Upper Burma on the 4th. By 
the morning of the 6th it had moved further west, and concentrated into a well marked depression in the 
northeast angle of the Bay. Thence it moved very slowly northwestwards on the 7th and 8th to Bihar, 
and after remaining practically stationary there in the next three days disappeared finally on the 
12th. 

7. Typhoon of 22nd to 27th July 1917 (ZK. No. 411)—Depression of 30th July to 5th August {Ind. 1917, 
p S4). Track I (8).— This typhoon had its origin to the southeast of Formosa and moving in a westerly 
direction crossed the coast to the north of Haiphong. A feeble low pressure wave passed over Burma 
on the 29th and culminated in a depression over deltaic Bengal and the head of the Bay next day. This 
depression finally disappeared over north Rajputana on the 5th. It was remarkable for the very heavy 
rain it gave in the neighbourhood of Hazaribagh. 

8. Typhoon of 27tli to 30th July 1922 {HI i.) —Depression of 1st to 4th August {Ind. 1922, p. 8). T tack 

U (gy _This typhoon formed to the west of Luzon and passed near Pakhoi on the 29th. The Hongkong 

track shows it near Lat. 23 f N., Long. 108° E. on the 30th morning. The Zi-Ka-wai daily weather reports 
place it near Lat. 22° N., Long. 108° E. on the 30th and near Lat. 22° N., Long. 102° E. on the 31st. The 
residual low was apparently responsible for the relatively large fall of pressure in Assam and north Burma 
on the 31st, and for the appearance and intensification to a depth of 0-37" of the depression over deltaic 
Bengal on the lst-2nd August. This depression disappeared over the east United Provinces on the 5th. 

9. Typhoon of 14th to 20th July 1929 {HK.)—Depression of 22nd to 28th July 1929 {Ind. 1929, p. C5). 
Track II {15).— This started near Lat. 17° N., Long. 132° E. and travelling west, then north and then 
west again, crossed the coast of China near Lat. 26° N., Long. 120° E. on the 19th morning ; it was placed 
near Lat. 27° N., Long. 109° E., moving west on the 20th morning, having covered 10° of longitude in the 
preceding 24 hours. On the 21st with a general fall of pressure all over India the fall was greatest in 
Upper Burma, Assam and north Bengal. On the morning cf the 22nd conditions were unsettled at the 
head of the Bay and in the upper air a low was shown over southwest Bengal. The residual low therefore 
appears to have travelled between the 20th and 22nd at the same speed that it had on the 19th-20th. 
Next day these conditions gave rise to a depression over the head of the Bay ; the depression advanced 
westwards and disappeared over Sind on the 28th. 

10. Typhoon of loth to 18th August 1885 (HK. 1886, App. B., Typhoon VI)—Depression of 22nd to 

26th. _This appeared on the 15th, near Lat. 16° N., Long. 115° E., and after travelling in a northerly 

direction turned westwards and crossed the south China coast on the 17th. After passing inland it 
weakened into a depression and was centred near Lat. 23° N., Long. 110 E. on the 18th. Apparently 
it travelled westwards as a wave of low pressure, as pressure fell rapidly in Assam on the 21st. Next day 
there was a relatively big fall of pressure over southeast Bengal where a depression appeared with centre 
near Dacca. The depression advanced westwards causing heavy rain along its track in deltaic Bengal 
in the next two days, several stations reporting 7" to 10' After passing over the Chota Nagpur plateau 
on the 24th it disappeared in the United Provinces on the 26tb. 
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11. Typhoon of 25th to 31st August 1905 {ZK. No. 453)—Depression of 2nd to 5th September {Ind . 
1905, p. 250). Track III (2). —This started near Lat. 15° N., Long. 132° E. and moved in a north¬ 
-westerly direction ; on the 28th it turned to west-northwest between Formosa and Luzon, and on the 
33st it was moving westwards to the north of the Gulf of Tongking. On the 2nd the residual low appa¬ 
rently from this typhoon lay over Upper Burma and had already given heavy rain in the central districts. 
It moved to east Bengal next day and finally disappeared over Chota Nagpur on the 5th. 

12. Typhoon of 11th to 18th August 1913 {ZK. No. 486)—Depression of 21st to 27tli August {Ind. 1913, 
p. 82). Track III {4).— This started near Lat. 10° N., Long. 141° E. and moving west-northwest caused 
a tempest at Hongkong on the 17th. It was curving to west-southwest at this time and on the morning 
of the 18th it was a depression near Lat. 23° N., Long. 105° E., travelling west-southwest. In Siam 
locally heavy rain fell in the circle of Bishnulok on the 18tli and an increase of rain occurred in Bayab 
and Maharashtra on the 19th. The depression appears to have weakened considerably after the 18th 
and passed over Burma as a feeble low pressure wave, indicated mainly by the heavy rainfall on the 19th 
and 20th. The low pressure wave passed out into a trough of deficient pressure in the middle of the Bay 
on the 20th and developed in the next two days into a depression which was off the north Madras coast 
on the 22nd. The depression was finally dissipated over Sind and east Baluchistan on the 27th. 

13. Depression of 27th to 31st August 1913 {HK.)—Depression of 1st to 3rd September. Track III {5). 
—This depression formed near Macclesfield and travelling in a west-northwesterlv direction over the 
China Sea crossed the Annam coast near Lat. 17£° N. on the 31st morning. It was entering Pegu on the 
morning of the 1st September as a well marked depression with a depth of—*15" at the centre, after giving 
locally heavy rain in parts of Siam near its track. It passed out into the Bay on the 2nd and disappeared 
over deltaic Bengal on the 3rd. The associated rainfall was widespread and locally heavy in Burma. 

14 . Typhoon of 2nd to 8th August 1917 {ZK. No. 502) — Depression of 11th to 14tli August {hid. 1917, 
p . 85). Track 111 {6). —This typhoon started to the east of Ballintang and was a depression to the west 
of Haiphong on the 8th. Some increase of rainfall occurred in the Bayab circle of Siam on the 8th and 
9th. The Indian charts afford indications of the passage of a feeble wave of low pressure over Upper 
Burma and northeast India on the 10th and 11th. Passing west it gave rise to a depression over Central 
India East on the morning of the 12th. This depression intensified during the day and disappeared on the 
15th over north Rajputana. 

15. Typhoon of 30th July to 1st August 1920 {HK.)—Depression of 4th to 8th August {Ind., p. 91). 
Track IV ( 7).. —This formed in the China Sea to the southeast of Hainan and crossed the coast west of 
Hongkong travelling in a northwesterly'direction. In the Hongkong daily weather reports for the 1st 
and 2nd August the residual depression from this typhoon is placed near Wuchow on the 1st and north 
of Haiphong on the 2nd. The dejjression had apparently turned to the west after reaching Wuchow ; 
it caused an increase of rainfall in the northern circle of Bayab in Siam on the 2nd, and fairly widespread 
rain continued there in the next two days. Pressure changes and rainfall in Upper Burma and northeast 
India indicate that the residual low passed over north Burma in an ill marked condition on the 4th and 
developed into a depression in the northeast angle of the Bay on the morning of the 5th. This 
depression disappeared over Central India East on the 8th. 

16. Typhoon of 29th July to 6th August 1923 {HK.)—Depression of 10th to 13th August {hid. 1923, 
p. 102). Track IV {8 ).—This had its origin near Lat. 14° N., Long. 140° E. and moving first west and 
then northwest crossed the coast near Swatow on the 5th August. It turned west again over land and was 
a depression to the northwest of Wuchow on the 6th. It had covered 6° of longitude on the last day, 
and the residual low- apparently passed over north Burma on the 9th and was shown as a depression off 
the Chittagong coast on the morning of the 10th. The depression travelled westwards and disappeared 
over the north Central Provinces on the 13th. 

17. Typhoon of 21st to 25th August 1924 {HK.)—Depression of 31st August to 12th September {Ind. 
1924, pp. 101-02). Track IV {10). —This typhoon formed to the east of Vizayas on the 21st August 
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and moving northwest and west-northwest crossed the coast near Haiphong on the 25th. It appears to 
have turned west-southwest over land and to be identical with the low which entered the north Andaman 
Sea on the 30th and developed into a feeble depression in the next 24 hours. This moved westwards and 
crossing the'Gan jam coast on the 4th finally disappeared in north Rajputana on the 12th. 

18. Typhoon of 21st to 23rd August 1929 (HK.)—Depression of 27th August to 1st September 1929 
(.Ind. 1929, p. C6). Track IV (12). —This started nearrLat. 19° N., Long. 118° E. and crossed the coast 
near Macao ; it is shown to be travelling westwards near Lat. 23° N., Long. 108° E. in the afternoon of the 
23rd. Pressure fell in Burma on the 25th and 26th, and a negative departure appeared over central 
Burma on the 26th ; passing westwards into the Bay the low pressure wave formed into a depression at 
the head of the Bay by the morning of the 27th. The depression intensified in the next 24 hours and 
crossing the Orissa coast on the 30th disappeared over the east Central Provinces on the 1st September. 


19. Typhoon of 24th to 30th September 188S (HK. 1893, pp. 130-137)—Depression of 2nd- to 7th October 
1888. Track V (2). —This typhoon, which was probably in existence as early as the 22nd, advanced from 
the Pacific Ocean and passed to the north of Luzon on the 26th ; pursuing a course a little to the south 
of west in the China Sea it crossed the Annam coast near Donghoi and was situated near Lat. 17° N.* 
Long. 105° E. on the morning of the 30th. It had covered about 5of longitude on the last day. The 
depression which appeared to the south of Diamond Island on the 2nd was apparently connected with the 
residual low from the typhoon. The depression intensified slightly in the next 24 hours and advanced 
up the Bay first in a northwesterly direction and later curved to north-northeast in the north of the Bay- 
It crossed the coast some distance to the east of Saugor Island about midnight of the 6th, advanced into 
east Bengal and was broken up by the Assam hills on the 7th. It gave a burst of moderate general rain 
to Burma and northeast India. 

20. Typhoon of 10th to 13th September 1891 (HK. 1894, pp. 138-39)—Depression of 17th to 20th (Ind. 
1891, p. 288). Track V (3). —This originated in the China Sea to the south of Swatow in about Lat. 19° 
N.; moving westwards it passed over Hainan on the 12th and was centred near Lat. 19° N., Long. 107° 
E. at noon of the 13th. On the 15th the run of the isobars in the north Andamans Sea and the band of 
westerly winds in Pegu indicated slightly disturbed conditions in central Burma and the region to its 
east. These passed out into the Bay next day and developed on the 17th into a depression. The depres¬ 
sion crossed the Ganjam coast on the 18th and passing over the Central Provinces disappeared in Lower 
Sind on the 20th. 

21. Depression of 16th to 18th September 1891 (HK. 1895, pp. 140-41) — Depression of 20th September 
to 3rd October (Ind. 1891, pp. 289-92). Track V (4). —This originated to the west of Luzon on the 15th 
and moving west-northwest passed into the southern part of the Gulf of Tongking on the 18th, the centre 
at noon being near Lat. 18° N., Long. 108° E. It passed inland during the evening at some distance to the 
south of Haiphong. It emerged into the northern angle of the Andaman Sea on the morning of the 20th 
as a well defined depression and was centred near Lat. 15f° N., Long. 97° E. at 8 hrs. After skirting 
the mouths of the Irrawaddy it travelled northwestwards in the Bay, crossed the Orissa coast on the 
22nd, and after a peculiarly curved track over the Central Provinces disappeared over the United 
Provinces on the 3rd October. This resembled in many respects the storm of September 1888. 

22. Typhoon of 16th to 20th September 1894 (HK. 1894, pp. 33-35) — Depression of 23rd to 30th Septem¬ 
ber (Ind. 1894, pp. 404-408). Track V (5). —This passed over Luzon on the 16th and traversing the China 
Sea in a course roughly northwest by west entered the Lai Chan peninsula during the evening of the 19th 
and was near Lat. 22|° N., Long. 107|° E. at noon on the 20th. Pressure fell in Burma on the 21st and 
22nd, and rose on the 23rd with a fall in the Bay to the west. Next day a depression was shown in the 
north of the Bay. This intensified in the next two days and passing inland on the 27th finally disappeared 
in the southeast of the United Provinces on the 1st October. 

23. Typhoon of 22nd to 26th September 1894 (HK. 1894, pp. 35-38)—Depression of 2nd to 5th October 
(Ind. 1894, pp. 446-48). Track V (6). —This typhoon was of small extent; it passed to the north of Luzon 
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on the 23rd and crossed the coast southwest of Hongkong on the 25th afternoon in about Lat. 22° N. It 
was near Lat. 23° N., Long. 110° E. on the 26th and was apparently moving west. There was a brisk 
fall of pressure in Burma on the 29th and 30th followed by a recovery on the 1st October when weather 
became squally in the north of the Bay and pressure began falling on the Ganjam-Orissa coast. A 
depression appeared off this coast on the morning of the 2nd and disappeared over the northwest of the 
United Provinces on the 5th. % 

24. Typhoon of 17th to 25th September 1902 (ZK. No. 541)—Depression of 29th September to 4th October 
(Ind. 1902, pp. 344-45 and 397-99). Track V (8). —This started moving west-northwest from the east 
of Luzon and curving to west-southwest in the Ballintang Channel landed near Tourane on the 25th. 
The winds round the north Andaman Sea on the 29tb and the heavy rainfall in that region in the preced¬ 
ing 24 hours indicated the appearance of either disturbed conditions or a small depression over the 
north Andaman Sea on this date. By the morning of the 30th it had passed out into the Bay of Bengal 
in a northwesterly direction ; curving to northeast in the north of the Bay it passed into southeast Bengal 
on the 3rd October and disappeared after causing widespread rain in Bengal, Assam and north Burma. 

25. Typhoon of 17th to 21st September 1905 (ZK. No. 553)—Depression of 26th to 30th September (Ind. 
1905, p. 251). Track V (9).— This was a violent typhoon which formed near Lat. 15° N., Long. 127° E. 
and moved in a west-northwesterly direction till it was south of Hongkong, when it curved to west- 
southwest and struck the coast near Haiphong. It entered central Burma in about latitude 19° N. as a 
well marked depression on the 26th. It passed out into tbe Bay off the north Arakan coast, and moving 
northwestwards lay close to Calcutta on tbe morning of the 28th, when the defect of pressure at the 
centre was 0*22". In the next two days it passed through Chota Nagpur and west Bihar and broke up 
in the hills on the 30th. Its passage over Indo-China was very slow. 

26. Typhoon of 14th to 18th September 1906 (ZK. No. 558) and typhoon of 16th to 21st September 1906 
(ZK. No. 559)—Depression of 25th to 28th September (Ind. 1906, p. 104). —The first had its origin near 
Lat. 18° N., Long. 128° E. and passed over Hongkong on the 18th doing considerable damage there ; 
many ships foundered in the port and several thousands lost their lives. The second started near Lat. 15° 
N., Long. 130° E., caused a fresh tempest at Hongkong and Macao on the 20th and ended in the Gulf of 
Tongking on the 21st. The residual wave of low pressure from both the typhoons appear to have reached 
Burma on the 22nd-23rd and to have contributed to the formation of a depression in the north of the Bay, 
which was off the Ganjam-Orissa coast on the 25th. It disappeared in the neighbourhood of Jubbulpore 
on the 28th, after causing considerable rainfall in the surrounding districts. 

27. Typhoon of 21st to 25th September 1906 (ZK. No. 560)—Depression of 26th September to 1st Octo¬ 
ber. Track VI (10). — This started near Lat. 13° N., Long. 127° E. and caused a hurricane at Haiphong 
on the 25th. The rainfall associated with it in north Siam recorded in the 48 hours ending with 10 a.m. 
of the 26th was— 

mm. 


Muang Jaibhum ..... 60 

Muang Nan ..... 64 

Muang Lampang ..... 92 

Muang Pre ...... 20 

Bichai . . * . . . . 61 


The residual depression lay over central Burma on the morning of the 26th when it had a barometric 
depth of a quarter of an inch.. The strong monsoon to its south had already given heavy rain on the 
south Burma coast. After giving further rainfall in central and south Burma it moved to deltaic Bengal 
by the next morning. Then it turned north towards central Bengal where it was almost stationary 
causing very heavy rain,in its neighbourhood from the 28th September to 1st October on which date it 
finally disappeared. 

28. Typhoon of 5th to 11th September 1909 (ZK. No. 57 1)—Depression of 13th to 16th September (Ind. 
1907, p. 92). Track VI (11). —The typhoon formed rear Palawan and crossed the coast near Haiphong 
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on the night of the lOth-llth. Its track was west-northwest when crossing the coast; Chiengrai in 
Siam recorded 84 mm. of rain on the 12th and had moderate falls in the next two days. A wave of low 
pressure passed over Burma on the 12th and resulted in a diffuse depression over deltaic Bengal and the 
head of the Bay on the 13th. The depression intensified during the day travelled northwestwards and 
disappeared near Benares on the 16th. 

29. Typhoon of 7th to 15th September 1909 (ZK. No. 572) — Depression of 20th-24th September (Ind. 
1909, p. 92). Track VI (12). —This typhoon had its origin near Lat. 22° N., Long. 143° E., moved slowly 
in a northwesterly direction, and inclining to west travelled more rapidly towards land. It covered 
nearly 8° in the last day of its life in the sea and lay over land near Lat. 25° N., Long. 1174° E., at noon 
of the 15th. Its path was curving slightly to the west-southwest at the end, and the residual low appears 
to have travelled in about the same direction towards a region of deficient pressure which lay over Burma 
at this time. In north Siam, Muang Lambhun recorded 120 mm. of rain on the 17th and Muang Lam- 
pang 129 mm. next day. It affected upper Burma on the 17th-18th and caused a strengthening of the 
monsoon in the Andaman Sea and general rain over south and central Burma. It extended westwards 
on the 19th and had developed into a depression over east Bengal and the adjacent parts of the Bay by the 
morning of the 20th. The depression intensified in its passage across the head of the Bay, but weakened 
again after passing inland and disappeared over the west of the Central Provinces on the 24th. 


30. Typhoon of 25th August to 2nd September 1910 (ZK. No. 471) and typhoon of 28th August to 5th 
September 1910 (ZK. No. 472)—Depressions of 4th to 8th and 8th to 10th September 1910. —The first formed 
near Lat. 18° N., Long. 131° E., and moved west-northwest; it turned west-southwest near Formosa 
and reached the neighbourhood of Lat. 20° N., Long. 104° E. on the 2nd September. Its approach to¬ 
wards Upper Burma as a diffuse depression is indicated by the pressure changes in Burma on the 2nd and 
3rd. The weather chart of the 3rd showed an area, of uniform pressure over Upper Burma, northeast 
India and the head of the Bay with general rain over Burma. By the next morning a depression had 
formed at the head of the Bay and given heavy rain in deltaic Bengal. On the 5th it split up into two, 
and while one portion persisted in the northeast angle of the Bay the other had moved by the morning 
of the 6th to the southwest of the United Provinces where it was stationary till the 8th. 


Meanwhile the second typhoon, which started near Lat. 21° N., Long. 135° E. moved in a west- 
northwesterly direction till it reached Formosa and, turning to west-southwest over the Formosa channel, 
crossed the coast near Swatow on the 3rd September and was moving over Tongking on the 5th. 

The disturbed conditions from this typhoon, caused a slight increase of rainfall in the northern parts 
of Siam on the 5th and 6th, and in Burma on the 7th. 

With the westward motion of these disturbed conditions, the depression at the head of the Bay 
became more marked on the 8th and moving west-northwest coalesced with the depression over the 
southwest of the United Provinces in the next 24 hours. The combined depression broke up in the 
Simla-Kumaon hills on the 10th. 

31. Typhoon of 12th to 15th September 1910 (ZK. No. 579)—Depression of 18th to 23rd September. 
Track VI (13). —This formed near Mindanao and crossed the coast south of Tourane. Heavy rainfall was 
recorded locally in the circles of Uttara, Kajasima and Prachin in Siam on the 16th, and in the circles of 
Ayuthia and Nagor Swarga, on the 17th and 18th. Pressure was falling in Tenasserim from the 15th 
onwards and a fairly strong monsoon was blowing into the Andaman Sea. On the 18th morning a small 
shallow depression appeared over the north Andaman Sea and caused locally heavy rain there. Moving 
in a curved track over the Bay it reached the neighbourhood of the Sandheads on 23rd and disappeared 
during the day. 

32. Typhoon of 23rd to 27th September 1910 (ZK. No. 582)—Depression of 1st to 4th October . Track 
VI (14). —This was a violent typhoon which had its origin near Lat. 15° N., Long. 129° E. and travelling 
almost due west crossed the Annam coast near the Isle of Tigre on the 27th. The only indication of the 
passage of the disturbed conditions from this typhoon over Siam and Lower Burma is afforded by the 
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increase of rainfall in the northern circles of Siam on the 27th-28th, and the heavy rain which fell in 
Tenasserim on the 28th. The disturbed conditions had passed out into the Bay by the morning of the 
50th, when winds were cyclonic over south and central Burma and the sea was rising on the Arakan 
coast. With their further westward movement a depression appeared off the Ganjam-Orissa coast on the 
morning of the 1st October ; this passed inland during the day and disappeared near Cawnpore on the 
4th. 

33. Typhoon of 22nd to 29th September 1916 (ZK. No. 609).—Depression of 1st to 6th October ( Ind . 
1916, p. 104). Track VI (15). —This typhoon started near Lat. 13° N., Long. 126° E., and moving 
west-northwest is said to have filled up to the west of Tongking on the 29th. But according to the Hong¬ 
kong tracks it was a depression throughout and is shown on the 29th near Lat. 18° N., Long. 103° E., 
moving west. The Siam rainfall records show some inorease of rain in the northern circles from the 
28th to 30th September. At this time there was a tendency for the formation of a depression at the 
head of the Bay and hence pressure changes in the Indian area are rather complicated. Still it is clear 
that a low indicated by a deficiency of pressure of 0*15" passed over north Burma on the 30th and reach¬ 
ing Bengal and the head of the Bay on the 1st, helped towards the formation of a depression during the 
day. This depression reached the neighbourhood of Pachmarhi on the 4th and then turning north¬ 
east disappeared over Bihar on the 6th. 

34. Typhoon of 20th to 23rd September 1920 (HK.)—Depression of 24th to 28th September (Ind., 
p. 103). Track VI (17). —This had its origin in the China Sea near Lat. 15° N., Long. 115° E., and moving 
almost due west crossed the Annam coast on the morning of the 22nd near Lat. 15° N. The Hongkong 
track suggests that it was curving to west-northwest over land. The rainfall records of Siam show 
that widespread rainfall occurred in the circles of Ubol, Rajasima, Ayuthia and Prachin on the 21st 
and 22nd, and extended northwards to Uttara and Roi Etch, and westwards to Rajaburi and Nagar 
Swarga on the 22nd and 23rd. Weather became disturbed in and round the Andaman Sea on the 23rd, 
and on the 24th a feeble depression entered the north Andaman Sea. From the above it appears that 
the depression from the China Sea moved west over land also until it emerged into the Andaman Sea. 
Thence it passed out into the Bay off the south Arakan coast where it intensified slightly and finally 
disappeared on the 28th at the head of the Bay. 

35. Depression of 30th August to 2nd September 1925 (HK.) — Depression of 6th to 9th September (Ind. 
1925, pp. 109-110). Track IV (77)*.—This started near Lat. 18° N., Long. 116° E. and moving west- 
southwest and west crossed the coast to the north of Tourane on the 2nd September and is shown moving 
west over land. The residual disturbed conditions entered central Burma on the 4th, and passing out 
into the Bay next day developed into a depression which was situated over the northwest angle of the 
Bay on the morning of the 6th. It crossed the coast on the morning of the 7th and disappeared over the 
east United Provinces on the 10th. 

36. Typhoon of 22nd to 28th September 1926 (HK.)—Depression of 29th September to 3rd October 1926 
(Ind. 1926, p. 110). Track VI (18). —This started near Guam on the 22nd and moving west-north¬ 
west and west lay to the south of Hongkong on the morning of the 27th. Travelling rapidly westwards 
it crossed the coast to the west of Macao and lay as a depression near Lat. 22° N., Long. 104° E., moving 
west-southwest, on the morning of the 28th. It had covered 10° from the morning of the 27th, and 
travelling with about the same speed the residual low was off Diamond Island on the 29th morning. 
It slowed down in going across the Bay, passed inland near Calingapatam on the morning of the 2nd and 
disappeared over the Central Provinces on the 3rd. 

37. Depression of 1st to 3rd October 1896 (HK. 1896, p. 147)—Depression of 5th to 8th October .— 
This depression appeared to the southwest of Luzon on the 1st and crossed the Annam coast near Lat. 
14° N. on the 3rd morning. Its westward passage is indicated by a brisk fall of pressure in Burma, on 
the 4th and 5th, and on the latter date a depression appeared over Lower Burma and the Andaman 
Sea. This was somewhat deeper next day, but in the absence of a humid current in the southeast of the 


* Track given in Plate IV to prevent overlapping in Plate VI. 
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Bay it failed to develop and disappeared on the 8th after passing out into the Bay. There was prac¬ 
tically no rain in Burma till the morning of the 7th, but after the westward motion of the depression some 
rain fell on the south Burma coast. 

38. Typhoon of 24th to 30th October 1904 ( ZK. No. 44)—Depression of 4th to 6th November (Ind. 1904, 
pp, 380-2). Track VII (5). —This started to the southeast of Luzon and travelling in a west-north¬ 
westerly direction passed south of Luzon on the 26th and crossed the Annam coast to the south of 
Tourane. The depression which appeared in the Andaman Sea to the north-northeast of Port Blair 
on the 3rd November is apparently the residual depression from this typhoon. It intensified during 
the day and moving northwards lay as an elongated well marked depression off the Arakan coast on 
the morning of the 5th, and disappeared during the day. It caused widespread and locally heavy rain 
in south and central Burma. 

39. Typhoon of 7th to 11th October 1908 (ZK. No. 57) — Depression of 14th to 24th October and storm 
of 25th to 29th October (Ind. 1908 , p. 102). Track VII (6).—This typhoon started near Lat. 13° N., Long. 
131° E., travelled roughly in a west-northwesterly direction, passed over Luzon and crossed the coast 
to the north of Hainan on the 11th. From the subsequent course of events in the Indian area it appears 
that the residual depression from this typhoon curved to west and southwest over land. A negative 
departure of pressure of *05" appeared over east Burma on the 14th and persisted on the 15th, indicating 
a low pressure area to the east. By the morning of the 16th a small depression had appeared over the 
north Andaman Sea. On this date 3" of rainfall was recorded at both Chiengrai and Chiengmai in the 
north of Siam. The depression moved in a south-southwesterly direction till it was southwest of Port 
Blair ; then it took a more westerly course and lay to the east of Ceylon on the 22nd. In the next two 
days it passed over the north of Ceylon and the extreme south of India into the Arabian Sea, where 
it intensified rapidly and was a storm near Lat. 10° N., Long. 74° E. on the morning of the 25th. The 
storm travelled west-northwest and has been followed up to the neighbourhood of Lat. 18° N., Long. 
60° E. on the morning of the 29th. When in the vicinity of south India it gave very heavy rain on the 
south Madras coast and moderately heavy rain over the rest of south India. In the 72 hours ending 
with 8 a. m. of the 25th, the district averages of the amounts received on the south Madras coast were 
Nellore 10-4", Chingleput 10*8", South Arcot 9*4" and Tanjore 7*7". The total for the whole month of 
October in a normal year in these districts are Nellore 8*5", Chingleput 9*0", South Arcot 8*2", and Tan¬ 
jore 8*1". 

40. Typhoon of 7th to 11th October 1915 (ZK. No. 85) — Depression of 14th to 17th October 1915 (Ind. 
1915 , p. 105). Track VIII (9). —This typhoon started to the north of Mindanao and crossed the Annam 
coast near Padaran on the 11th. It is stated to have filled up over Annam. But from the Indian 
weather charts it appears that the residual low was entering Pegu and the north Andaman Sea on the 
12th. Such a passage is confirmed by the very heavy rainfall which occurred on the 10th and 11th in 
Siam in the circles of Bishnulok, Nagar Swarga, Prachin and Krungdeb. Passing out into the Bay 
during the 13th it developed into a well marked depression which was off the north Arakan coast on 
the 14th. The depression travelled northwards and reached southeast Bengal on the 15th. It was 
stationary there during the next two days and disappeared on the 17th. 

41. Typhoon of 11th to 23rd October 1918 (ZK. No. 94)—Depression of 26th October to 8th November 
(Ind. 1918, pp. Ill and 123). Track VIII (12). —This had its origin to the northwest of Guam and 
is said to have filled up between Tongking and Annam on the 23rd. There was a fairly general recru¬ 
descence of rainfall in Siam between the 22nd and 24th, and the circles which had rather heavy rain, 
Uttara and Roi Etch, on the 22nd, and Bishnulok and Nagar Swarga, on the 23rd, give some indication 
of the path of the residual low. This entered the Andaman Sea on the 25th and lay in the neighbour¬ 
hood of Port Blair on the morning of the 26th. Passing out into the Bay it travelled in a west-south¬ 
westerly direction, crossed the extreme south of the Peninsula on the 1st November and passed out into 
the Arabian Sea on the 2nd. From there it travelled away in a northwesterly direction and reached 
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about midway between Bombay and tbe Kuria Muria Islands on tbe 8th. The track of this depression 
is similar to the track of the typhoon and storm of 7th October to 29th October 1908, YII (6). 

42. Typhoon of 2nd to 6th October 1924 (IIK.)—Depression of 9th to loth October .( Ind. 1924, 
jjp. 104-5). Track VIII (13). —This typhoon formed to the east of Luzon on the 2nd and passing over 
H ai n an on the 5th was travelling westwards to the south of Haiphong on the 6th. The residual 
disturbed conditions were entering east Burma and the north Andaman Sea on the 7th and passing out 
into the Bay coalesced with slightly unsettled conditions there and reformed into a depression which 
was centred near Lat. 16° H., Long. 92° E., on the morning of the 9th. From there the depression 
advanced west-northwest, crossed the coast near Puri and curving north over the Central Provinces 
disappeared in the Kurnaon hills on the 15th. 

43. Typhoon of 2nd to 8th October 1927 (HK.)—Depression of 9th to 10th October (Ind. 1927, p. 107). 
Track VIII (14). —This had its origin near Guam on the 2nd and travelling westwards passed over the 
Vizayas on the 5th, crossed the Annam coast south of Tourane on the 7th and moving west-northwest 
lay near Lat. 16° N., Long. 104° E. on the 8th. It seems to have curved more to the northwest while 
passing'over Siapr and lay over the northeast of Burma on the 9th and filled up there in the next two 
days. It caused widespread and locally heavy rain in Burma on the 8th and 9th. 

44. Typhoon of 9th to 12th October 1927 (HK.)—Depression of 13th to 14th October (Ind. 1927, 
p. 107). Track VIII (15). —This started to the east of Luzon near Lat. 15° N., Long. 126° E., and 
travelling in a west-northwesterly direction crossed the Annam coast north of Tourane , it was 
situated near Lat. 18° N., Long. 104° E., on the morning of the 12th, having travelled over 7° of longi¬ 
tude in the preceding 24 hours. Pressure was falling and a departure of * 150 appeared in front of 
it over central Burma on the 12th. There was widespread heavy rain in Tenasserim and on the Pegu 
coast during the day; on the morning of the 13th the residual depression lay over central Burma and 
the adjacent parts of the Bay. Weakening further the depression disappeared over southeast Bengal 
on the 14th after causing heavy rain on the Chittagong coast. 

45. Typhoon of 2nd to 10th November 1909 (ZK. No. 126)—Depression of 12th to 16th November 
(Ind. 1909, p. 116). Track IX (3).— This typhoon had its origin near Yap, passed over Vizayas on 
the 6th and crossed the Annam coast near Hue in the early hours of the 10th. In the Andaman Sea 
and the adjacent parts of the Bay weather had been disturbed from the beginning of the month, and 
into this region the residual low appears to have advanced during the 11th and w r as shown as a sliallow 
depression to the south of Table Island on the morning of the 12th. Thence it advanced into the north 
of the Bay and curving to the northeast disappeared in the northeast angle of the Bay on the 16th. 
The passage of the disturbance over central Siam was associated with locally heavy rain; 11th Roi 
Etch 86 mm., 12th Jaiyabhum 73 mm., Minburi 53 mm., Phra Pradeng 32 mm. and Bangken 26 mm. 

46. Typhoon of 9th to 11th November 1925 (IIK.)—Depression of 13th to 15th (Ind. 1925, p. 113). 
Track IX (7).—This typhoon started near Lat. 10° N., Long. 123° E. on the 9th and moving rapidly 
west-northwest crossed the coast of French Cochin China on the morning of the 11 th near Cape Padaran. 
The residual low appears to have moved on at nearly the same speed and entered the Andaman Sea on 
the 13th. At 19 hrs. that day it was about 100 miles east of Table Island, and moving northwest dis¬ 
appeared off the south Arakan coast on the I4tb. 

Section III.—Typhoons which intensified a pre-existing depression. 

(1 in June, 6 in July and 4 in August.) 

1. Typhoon of 11th to 18th June 1894 (ZK. 294 also HIi. 1894, pp. 18-19)—Depression of 
20th to 29th June (Ind. 1894, pp. 238-242).— This typhoon had its origin near Lat. 6°N., Long. 132°E., 
passed over Palawan on the 13th and travelling northwest crossed the Tongking coast on the 18th. 
Pressure changes on the 19th and 20th over Burma indicate the passage of a low pressure wave which 
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coalesced on tile 20th with a depression which was forming at the head of the Bay. This depression 
crossed the coast on the 22nd and disappeared over east Rajputana on the 28th. 

2. Typhoon of 1.2th to 16th July 1888 {HK. 1893, pp. 116-120)—Depression of 17tli to 23rd. —This 
commenced to the east of Luzon near Lat. 15°N., Long. 116°E. and travelled in a west-northwesterly 
direction ; the calm centre passed over Canton at 7-30 p.m. on the 15th and it estimated at 3 miles in 
diameter. From Canton the storm moved in a westerly direction and is roughly placed near Lat. 23£°N., 
Long. 108°E. at noon on the 16th, having travelled over 7° of longitude since noon 15th. Assuming 
that the residual low pressure continued to travel westwards at about the same rate it appears to have 
given the impetus to the formation of a depression near Saugor Island (89°E.) on the 19th. Thence 
the depression passed to the neighbourhood of Allahabad and disappeared. 

3. Typhoon of 15th to 18th July 1889 {HK. 1893, pp. 139-140)—Depression of 19th to 22nd.— This 
was a small disturbance near Lat. 21 N., Long. 123°E. at noon on the 15th. It increased in dimension 
and violence up to the early morning of the 18th when the centre passed near Haiphong and did con¬ 
siderable damage. The centre was in about Lat. 22°N., Long. 105°E. at noon that day. The inten¬ 
sification on the 20th of a depression which had formed near Saugor Island on the 19th and its rapid 
westward motion during the day seem to be connected with disturbed conditions passing westwards 
from this typhoon. 

4. Typhoon of 2nd to 6th July 1894 {ZK. No. 330)—Depression of 11th to 14th {Ind. 295-300). Track 
I (2).— This typhoon had its origin east of Vizayas on the 2nd and travelling northwest crossed the 
coast to the north of Hainan on the 6th. The residual low appears to have moved westwards over the 
land. Pressure fell in Burma on the 8th and 9th ; next day there was a rise of pressure in Burma and 
a fall to the west. This low pressure wave appears to have given an impulse to the development of 
the unsettled conditions at the head of the Bay into a depression off Orissa on the 11th. Crossing the 
Orissa coast it advanced over the central parts of the country to lower Sind, where it disappeared on the 
14th. 

5. Typhoon of 24th to 28th July 1903 {ZK. No. 361)—Depression of 1st to 5th August {Ind. 1903, 
pp. 329-330).— This started in Bolinao and moving west-northwest crossed the coast of the Gulf of 
Tongking on the 28th. Pressure changes indicate the passage of a low pressure wave over Burma 
on the 30th which appears to have coalesced in the next two days with the depression forming off the 
Orissa coast. 

6. Typhoon of 18th to 29th July 1923 (HK.)—Depression of 3rd to 8th August {Ind. 1923, p. 102). 
Track II {10). This typhoon formed near Guam on the 18th July, and moving in a west-northwesterly 
direction crossed the coast near Hongkong on the 27th ; it continued in nearly the same direction over 
land and was a depression near Lat. 24°N., Long. 104°E. on the morning of the 29th. Its effect over 
north Burma was shown by an opening out of the isobars there on the 31st July followed by a low, de¬ 
parture 0-05", on the 1st August. This moved to Bengal next day and coalesced with the unsettled 
conditions there. The resultant depression at the head of the Bay intensified for two days without 
much change of position and finally disappeared over the northwest of the United Provinces on the 
9 th. 

7. Typhoon of 19th to 21st July 1928—Storm of 23rd to 28th July {Ind. 1928, pp. C8 and 9). Track 
II {13). This typhoon formed near Lat. 16°N., Long. 116°E., and moving west-northwest lay over 
Annam near Lat. 17°N., Long. 105°E. on the morning of the 21st. The approach of the residual low 
into the Indian area is indicated by the pressure fall in Pegu and north Tenasserim and the appearance 
of a pressure departure of —0-05" there on this date. The low pressure wave extended into the Bay 
u,nd combined with unsettled conditions there to form a depression near Lat. 19°N., Long. 89|°E.. on 
the morning of the 23rd. The depression intensified into a storm in the next 24 hours and crossed the 
coast near Balasore on the 25th. It weakened into a depression on crossing the coast, and disappeared 
over Central India East on the 28th. 
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8. Typhoon of 6th to 11th August 1896 (HK. 1896, p. 143)—Depression of 12th to 16th August (Ind. 
1896, pp. 364-367). Track, 111 (1). —This typhoon passed over Luzon on the 8th and advancing in a 
west-north westerly direction across the China Sea at an average speed of 14 miles an hour passed near 
Haiphong on the evening of the 10th. Towards the end it was moving in a westerly direction, and the 
brisk fall of pressure in Burma on the 11th and 12th followed by the rapid rise on the 13th indicate the 
passage of disturbed conditions over this region which seem to have coalesced with a depression which 
was for ming at the head of the Bay. This depression then moved westwards and disappeared over 
south Baluchistan on the 16th. 

9. Typhoon of 6th to 11th August 1907 (ZK. No. 456)—Depression of 10th to 21st August (Ind. 1907, 
pp. 85-86). Track III (3).— This typhoon moved in a west-northwesterly direction from its place of 
ori gin near Lat. 12°N., Long. 126°E. and caused a hurricane at Haiphong on the 11th. Locally heavy 
rain was recorded in the northern circle of Maharashtra in Siam on the 10th and 11th. The relatively 
bigger fall of pressure on the north Arakan and Chittagong coasts and the neighbouring districts of inland 
Burma on the 13th seem to be connected with the residual low pressure from this typhoon. Next day 
the low pressure wave passed westwards to the northwest angle of the Bay ; it intensified the depression 
which was forming there during the previous three days. The reinforced depression moved westwards 
and disappeared finally over the Punjab on the 21st. 

10. Typhoon of 12th to 19th August 1923 (HK.)—Depression of 20th to 26th August (Ind. 1923, 
p.102). Track IV (9). —T his typhoon formed near Guam on the 12th, travelled first in a west-north¬ 
westerly direction and took a westerly course near Hongkong on the 18th ; it curved to west-southwest 
over land and covering 8° in the next 24 hours lay as a depression to the north of Haiphong on the 
morning of the 19th. The opening out of the isobars over north Burma on the 19th and 20th afford 
some indication of the passage of the residual low over this region. On the 21st it coalesced with and 
intensified a depression which was forming near the head of the Bay. The depression moved slowly 
inland next day and disappeared near Saugor (Central Provinces) on the 26th. 

11. Typhoon of 15th to 21st August 1927 (HK.)—Depression of 21st to 26th August (Ind. 1927, 
p. 106). —This typhoon had its origin near Guam on the 15th and moving west-northwest passed near 
Apparri on the 19th and crossed the coast, near Pakhoi on the morning of the 21st. The Hongkong 
track shows that it continued to move west-northwest, and hence is probably connected with 
a feeble low r pressure wave which passed over north Burma on the 22nd and helped to intensify a depres¬ 
sion in the north of the Bay on the 23rd. This depression crossed the coast near Puri and disappeared 
over the east United Provinces on the 27th. 

Section IV.—Typhoons which did not re-develop, but travelled as negative pressure departures 

associated with rainfall. 

(5 in June, 8 in July, 7 in August, 13 in September, 7 in October, 2 in November and 

2 in December.) 

1. Typhoon of 2nd to 6th June 1903 (ZK. No. 309), which crossed the coast near Hanoi moving 
northwest is apparently connected with the widespread and locally heavy rain in Assam and north Bengal 
from, the 8th to 10th and the low which appeared over Upper Assam on the 10th. 

2. Depression of 13th to 17th June 1918 (HK.).— This started near Lat. 19°N., Long. 113° E., and 
is shown near Lat. 22°N., Long. 103°E., in Tongking on the Nth. The increase of rainfall in north 
Burma and northeast Assam on the Nth and 18th may be partly due to the residual low. 

3. Typhoon of 29th to 31st May 1923. —This typhoon formed near Lat. 15£°N., Long. 112°E. on 
the 28th and moving very slowly in a west by north direction crossed the coast near Tourane and lay 
near Lat. 16°N., Long. 107°E. on the morning of the 31st. There was widespread rain in east Siam 
from the 29th May to 3rd June ; in the circle of Ayudhia general rainfall occurred on the 1st and 2nd, 
in Bi&hnulok, Nagar Swarga and Surashtra circles on the 2nd and 3rd, and in the northern circles of 




TYPHOONS AND INDIAN WEATHER. 


123 


Bayab and Maharashtra from the 2nd to 4th. In the Andaman Sea weather became unsettled on the 
1st June, and on the morning of the 2nd the isanomalous line of —0*1" was just making its appearance 
over north Tenasserim. Next morning, 3rd, a fairly well marked cyclonic circulation was shown round 
the Andaman Sea over most of which pressure was 0*1" below normal. In the next two days the area 
of the deficient pressure of 0*1" moved north to Burma and strong southwest monsoon winds were again 
established in the Andaman Sea. The above in conjunction with the rainfall data of Siam indicate 
that the residual depression lay over the Andaman Sea and the adjacent parts of the Gulf of Siam on 
the 3rd, the main portion being probably in the latter area, and that it filled up in northwest Siam on 
the 4th-5th. 

4. Depression of 7th to 10th June 1924 (HK ). — This started near Lat. 19°N., Long. 114°E. and 
travelling westwards lay near Lat. 20°N., Long. 102°E., on the morning of the 10th. The strengthen¬ 
ing of the monsoon in Burma on the 10th and 11th, and the locally heavy rain in east Assam on the 
latter date seem to be associated with the disturbed conditions from this depression. 

5. Typhoon of 23rd to 26th June 1925 (HK). — This started near Lat. 14°N., Long. 126°E. and 
moving west and northwest crossed the coast near Macao on the 26th. The relatively lower pressure 
in north Burma and northeast Assam on the 29th and 30th June with the accompanying local heavy 
rain in northeast Assam are probably associated with the residual low. 

6. Typhoon of 6th to 9th July 1896 (HK. 1896 , pp. 136-7; ZK. No. 341). — This typhoon crossed 
the coast on the evening of the 8th and passed a little to the north of Pakhoi about midday on the 9th. 
The wind and barometric observations on the Pegu coast indicate the passage of slightly disturbed condi¬ 
tions over central Burma on the 11th and their passing out into the Bay off the Arakan coast on the 12th. 
Weather was unsettled and probably squally in the north of the Bay on the 13th and on the 14th a de¬ 
pression appeared off Ganjam. This merged next day into a bigger depression in the Central Provinces. 

7. Typhoon of 24th to 31st July 1897 (ZK. No. 348). — This formed near Lat. 12°N., Long. 118°E. 
and moving northwest crossed the coast to the north of the Gulf of Tongking on the 31st July. On the 
4th August there was a brisk fall of pressure in Burma where conditions became unsettled. The winds 
on the Arakan coast and central Burma on the morning of the 5th indicated that the unsettled condi¬ 
tions had passed out into the north of the Bay where they apparently coalesced with a depression form¬ 
ing there. 

8. Depression of 19th to 22nd July 1905 (HK. 1905). — This disturbance had its origin to the west of 
Luzon and passed inland into Tongking near Lat. 20°N. on the morning of the 22nd ; it was then moving 
west. The residual low from this depression is probably responsible for the intensification on the 23rd 
of a shallow depression which lay over Burma. This depression passed out into the Bay, but did not 
develop further. 

9. Typhoon of 12th to 16th July 1909 (ZK. No. 379). — This typhoon which started near Lat. 15°N., 
Long. 127°E. travelled in a west-northwesterly direction and crossed the coast near Hanoi on the night 
of the 15th. It is shown near Lat. 22°N., Long. 105°E. moving in a northwesterly direction at noon of 
the 16th. Pressure fell in north Assam where an area of uniform pressure appeared on the 17th with 
locally heavy rain in north Burma. Rainfall extended to Assam next day and was heavy all along the 
Assam and Bengal Himalayas on the 18th. 

10. Typhoon of 1st to 10th July 1914 (ZK. No. 400). — This typhoon started near Lat. 10°N., Long. 
140°E., and, travelling west-northwest, then north-northwest and then west over the sea, crossed the 
coast on the 8th between Swatow and Amoy. The Hongkong track puts it near Lat. 13°N., Long. 
109°E., on the 10th. The pressure fall which commenced in north Burma on the 13th and ushered in 
an area of deficient pressure over this region on the 14th is evidently connected with the residual low 
from this typhoon. It caused heavy rain on the Arakan and Chittagong coasts on the 13th and 14th. 

11. Typhoon of 4th to 9th July 1921 (HK), which formed to the east of Manila and crossed the 
Tongking coast near Haiphong on a west-northwest track is apparently responsible for the sudden 
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iDcrease of rain in the northern parts of Bayab on that day. The residual depression appeared over north 
Burma and northeast Assam and caused locally heavy rain in north Burma on the 9th. 

12. Typhoon of 22nd to 25th July 1921 (HK .).—This typhoon which started to the north of Ballin- 
tang channel on the 22nd July and crossed the coast near Pakhoi on the 25th appears to have continued 
on a west-northwest track to the north of Tongking. In the extreme north of Siam there was wide¬ 
spread rain between the 26th and 28th. The residual low appeared over northeast Assam on the 28th 
and caused an extension of rain in north Burma and upper Assam, and was partly responsible for the 
continuance of heavy rain on the Chittagong and north Arakan coasts on that day. 

13. Typhoon of 10th to 13th July 1922 {HK.). —This had its origin near the Vizayas and crossed the 
coast to the west of Macao on the 13th. The residual low affected north Burma on the 16th and caused 
locally heavy rain there, with some increase of rain in Assam next day. There was also some increase 
of rain in Bayab (Siam) on the 14th and 15th. 

14. Typhoon of 29th July to 2nd August 1902 (ZK. No. 359). —This typhoon had its origin near Lat. 
15°N., Long. 128°E. and landed on the 2nd August between Hongkong and Swatow. The disturbed 
conditions passing west from this typhoon appear to have been responsible for the widespread rain in 
Burma on the 6th and its extension to Assam next day. 

15. Typhoon of 10th to 16th August 1914 (ZK. No. 490).— This started near Lat. 13°N., Long. 137°E. 
and moving northwest landed near Swatow on the 15th. The Hongkong track indicates that it was 
entering Tongking on a west-southwest track on the 16th. The pressure changes in Burma due to the 
westward motion of the residual low are somewhat obscured by large pressure changes in the Indian area 
at this period. But the area of uniform pressure which appeared over north Burma and Assam on the 
20th and 21st are presumably due to the residual wave of low-pressure from this typhoon. In the next 
two days it gave rise to a feeble depression at the head of the Bay. 

16. Typhoon of 10th to 13th August 1917 (ZK. No. 503). —This typhoon had its origin near Lat. 
17°N., Long. 127°E. and is said to have died over Hainan on the 13th. An increase of rain in the circles 
of Bayab, Maharashtra and Bishnulok in Siam on the 14th and 15th indicates the westward motion of the 
residual low, which appeared as a wave of low pressure over north Burma on the 16th and travelled west¬ 
ward across the whole breadth of India up to Rajputana in the next four days. It was associated with 
some increase of rainfall throughout its course. 

17. Depression of 24th to 27th August 1920 (HK.).— This had its origin in the China Sea and passing 
south of Hainan crossed the south Tongking coast on the 26th and moving northwest lay on the morn¬ 
ing of the 27th near Lat. 20°N., Long. 104°E. Widespread rain fell in all the northern circles of Siam 
on the 25th and 26th, and disappeared almost completely on the 27th, evidently on account of the 
further northwestward motion of the disturbance. The residual low appeared over north Burma on the 
28th and caused heavy rain in central Burma on that day and an extension of heavy rain to Assam on the 
29th and 30th. 

18. 19 and 20.—Mention should here be made of the three typhoons of August 1921, which crossed 
the China coast to the north of Lat. 25°N., and yet affected the weather in India. The regularity with 
which weather in north Burma and northeast Assam was affected about a week after the date of their 
crossing the coast leads to the conclusion that they travelled over China in a westerly direction. 

The first of these was formed near Lat. 18°N., Long. 124°E. on the 5th August and moving first 
northwest and then west-northwest crossed the coast near Amoy on the 7th. There was an increase 
of rain in the Bayab circle of Siam on the 9th and 10th probably due to the strengthening of the monsoon 
in this region to the south of the track of the depression. Pressure began to fall in north Burma on the 
14th and was 0*1" below normal over Assam and east Bengal on the next day. The low pressure moved 
westwards giving widespread rain along its track till it disappeared over the northwest of the United 
Provinces on the 19th. 

The second typhoon had its origin on the 10th to the southeast of Naha and moving northwest and 
west crossed the China coast near Lat. 29°N., Long. 120°E. on the 14th. This apparently travelled 
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along the Yangtse valley, and a low appeared in the extreme north of Burma on the 20th-21st and 
caused locally heavy rain in north Burma and northeast Assam on these two days. 

The third typhoon was generated near Guam on the 11th August: it moved northwest and west, 
and crossed the China coast near Lat. 30°N., Long. 120°E. A low appeared in the extreme north of 
Burma and northeast Assam on the 26th and caused locally heavy rain in this region in the next two 
days. Its effect was however somewhat complicated by the prevalence of a break in the rains in northern 
India and the characteristic pressure distribution concentrating the rainfall in northeast India and 
Burma. 

The table below gives the total rainfall of each day in the provinces of Assam and Upper Burma in 
the period 10th to 31st August, and strikingly illustrates the increase of rainfall due to the appearance 
of the low from the east. 

Total rainfall of each day, August 1921. 
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Assam. 


0-57 

0 

0-13 

4-02 

7-24 

6-66 

2-29 

7-81 

0-92 

1-18 

1- 47 

2- 47 

3- 53 

3- 03 

4- 98 

3- 70 

4- 86 
2-01 
6 - 10 ] 

5 - 231 
3-33 
0-28 


Upper Burma. 


0-26 

2-08 

7- 531 

3- 2ll 
2-08 
2-62 

4- 42 
1-98 

1- 30 

2- 90 
0-05 

6-18i 

3- 891 
1-84 
1-20 
1-28 

4- 131 
4-941 
0-67 
1-27 

8- 31 
1-89 
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Luzon on the 27th and crossed the China coast north of Hainan on the 30th September. The low pres¬ 
sure noticed over central Burma on the 5th October and the spell of widespread moderate rainfall in 
Burma in the next three days appears to be connected with it. 

22. Typhoon of 10th to 15th September 1903 (ZK. No. 544), which had its origin near Macclesfield 
and landed north of Tourane is apparently connected with a low which entered the north Andaman Sea 
on the 19th and passed across the Bay as a diffuse depression in the next three days; it passed into the 
north of the Peninsula on the 23rd and passed out into the Arabian Sea off the Konkan on the 24th. 

23. Typhoon of 11th to 15th September 1907 (ZK. No. 564).— This typhoon started to the south of 
Pratas arid crossed the coast to the north of the Gulf of Tongking on the 15th. The rainfall in north 
Burma on the 16th-17th and in central Burma on the 18th followed hy the appearance of a tiny low over 
southeast Bengal on the morning of the 19th indicate the appearance of disturbed conditions from the 
east. The small low was near Saugor Island on the 20th and disappeared over Bihar on the 23rd ; 
although ill marked it gave widespread and locally heavy rain in Bengal and Bihar and Orissa. 
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24. Typhoon of 16th to 21st September 1908 (ZK. No. 568). —This typhoon advanced from Yap to 
Luzon in a west-northwesterly direction and then travelling west crossed the Annam coast near Tourane 
on the 21st. The residual disturbance appears to have passed over Siam in the next two days and caus¬ 
ed a decided increase of rainfall in the Korat plateau as well as in the circles of Bishnulok and Nagar 
Swarga between the 21st and 24th ; the noteworthy falls were :—Eoi Etch 141 mm. (21st), Buri Kamya 
91 mm. (21st), Khonkaen 259 mm. (21st-24th), Jaiyabhumi 123 mm. (21st and 22nd), Bichitra 112 mm. 
(22nd and 23rd) and Kambaeng Bejra 81 mm. (22nd), 76 mm. (24th). The residual disturbed conditions 
entered the Andaman Sea on the 24th and caused general rain in south Burma on the 24th and 25th. 

25. Typhoon of 19th to 27th September 1908 (ZK. No. 569). —This typhoon started near Lat. 7°N.,. 
Long. 137°E. and moving west-northwest reached Tongking on the 27th. The residual depression appears 
to have continued in the same direction ; locally heavy rainfall was recorded in the northern circles of 
Bayab, Maharashtra, Bishnulok and Nagar Swarga in Siam on the 27th and 28th. The disturbance 
appeared over east Burma on the 28th as a shallow low and moving to upper Assam caused widespread 
rain in Assam and north Burma on the 29th and 30th. 

26. Depression of 23rd to 25th September 1910 (HK .).—This depression formed to the west of Luzon, 
passed through the straits of Hainan on a west-southwest track and crossed the coast of Tongking on 
the 25th near Lat. 18°N., Long. 106°E. Its passage over Siam is indicated by an increase of rainfall 
in the central circles on the 25th-26th. The residual low from this depression lay over Pegu on the 26th 
and passing westward across the Bay and the Central Provinces disappeared over Gujarat at the end 
of the month. It caused widespread rain along its track. 

27. Typhoon of 13th to 21st September 1911 (HK.). — This typhoon probably had its origin near Lat. 
13°N., Long. 140°E., on the 13th. It was recognised definitely on the 16th when it was to the northeast 
of Luzon. It was passing over Tongking on the 21st and a marked increase in rainfall occurred on the 
21st-22nd in the northern circles of Siam. The big pressure fall in north Burma on the 22nd indicates 
the approach of the residual low into the Indian area. But as a vigorous storm in the Bay was dominat¬ 
ing the weather conditions at this time, the only result was some increase of rain in north Assam and 
north Burma. 

28. Typhoon of 14th to 19th September 1913 (ZK. No. 595). — This typhoon formed near Lat. 17°N., 
Long. 129°E. and moving west-northwest is stated to have filled up on the 19th on the mountains of 
Kwangsi. The low which appeared in the extreme north of Burma on the 22nd and gave moderately 
heavy rain there during the day is apparently the residual low from this typhoon. 

29. Typhoon of 7th to 14th September 1915 (ZK. No. 603). — This started near Lat. 15°N., Long. 
129°E., moved west-northwest until it crossed Luzon, then curved west-southwest and landed near 
Cape Varella on the 14th. The increase of rainfall over most of central Siam on the 16th, and the locally 
heavy rain which fell round the Andaman Sea on the 17th are apparently associated with the disturbed 
conditions from the typhoon. The change of wind directions in the Bay Islands on the morning of the 
19th indicated that the disturbed conditions had passed out into the Bay, but they did not develop. 

30. Typhoon of 2nd to 9th September 1916 (ZK. No. 605). — This typhoon started near Lat. 15°N., 
Long. 130°E. and after moving west-northwest over the sea turned west-southwest over land and was 
near Lat. 19°N., Long. 103°E., on the morning of the 9th. A decided increase of rainfall in the northern 
circles of Bayab, Maharashtra and Bishnulok in Siam on this date with almost dry weather next day 
indicates the passage of the residual low over that region. It appears to have become a diffuse low by 
the time it reached Burma as its passage is indicated only by a westward motion of a negative pressure 
departure exceeding 0-1" from Burma to Bengal and the Bay on the 10th. On the 11th the low was off 
the north Madras coast, passed over the north of the Peninsula on the 12th and was shown as a small 
depression over Gujarat on the 13th. It moved in a northwesterly direction and disappeared over Balu¬ 
chistan on the 15th 7 Although it was not a definite depression throughout its course in India, its passage 
coincided with a revival of the monsoon current, and it was thus instrumental in bringing to an end an 
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almost complete break in the rains which had prevailed in the interior of the country in the first week of 
the month, and of carrying the rainfall from Burma on the 9th to the extreme northwest on the 14th. 

31. Typhoon of 4th to 10th September 1918 (ZK. No. 616).— This started near Bolinao and moving 
west-northwest ended in Hainan on the 10th. The appearance of a low pressure area in upper Assam 
on the 15th and the subsequent local heavy rainfall in north Burma and upper Assam on the 15th and 
16th appear to be associated with the residual low from the typhoon. 

32. Typhoon of 30th August to 2nd September 1929.— This started near Lat. 15°N., Long. 113°B. 

and moving northwest and west crossed the Annam coast, and lay near Lat. 18°N., Long. 104°E. on 
the morning of the 2nd. Pressure was falling in Burma from the 1st, and on the 3rd a low with a depar¬ 
ture of _ 0*15" lay over Upper Burma. It passed out into the Bay in a weakened condition and dis¬ 

appeared in the next two days. Its passage was associated with widespread rainfall in Burma, heavy 
falls occurring on the north Arakan and Chittagong coasts. 

33. Typhoon of 1st to 7th September 1929.— This started to the east of Luzon near Lat. 15°N., Long. 
127°E., and crossing the coast near Donghoi lay near Lat. 18°N., Long. 104°E., on the 7th. The 
upper winds and pressure changes over Burma indicated the approach of the residual low on the 8th. 
By the morning of the 9th this had passed out to the head of the Bay. From there it moved north¬ 
westwards and disappeared near the Darjiling hills on the 11th. It caused widespread and locally 
heavy rain in Burma, Assam and Bengal. 

34. Typhoon of 2nd to 7th October 1897 {ZK. No. 14).— This typhoon appeared to the south of Luzon 
and moving west-northwest and northwest entered Tongking on the 7th. A slight fall of pressure on 
the 11th in Burma within a region of uniform pressure embracing the whole of the Bay, northeast India 
and Burma, gave the first indication of unsettled conditions from the east. Next day, 12th, with a 
brisk fall of pressure a shallow depression, appeared off the Arakan coast. This passed westwards in the 
next three days and gave widespread and locally heavy rain on the Orissa and south Bengal coasts between 
the 14th and 16th. This disturbance was throughout diffuse and was further complicated by the appear¬ 
ance of unsettled conditions in the southwest of the Bay. 

35. Typhoon of 1st to 5th October 1900 {ZK. No. 25).— This typhoon formed to the sou th of Luzon 
and moving west-northwest crossed the Annam coast near Lat. 15°N. on the evening of the 4th. The 
fall of pressure in the central districts of Burma on the 7th followed by the rise next day and the general 
rain recorded in this region on these two days are apparently connected with the residual disturbed con¬ 
ditions from the typhoon. In the 24 hours ending 8 a.m. of the 7th Toungoo had 6 of rain and Kyaukki 
in the same district 14". 

36. Typhoon of 6th to 10th October 1900 {ZK. No. 26).— This typhoon formed in the same region as 
the preceding and followed a parallel course a little further south. It emerged as a shallow low in the 
north Andaman Sea on the 14th and passing westwards in the Bay without further development was 
responsible for widespread rainfall in the south of the Peninsula on the 17th and 18th. 

37. Typhoon of 26th to 31st October 1909 {ZK. No. 65).— This typhoon started to the south of Yap 
and after passing over the Vizayas crossed the Annam coast near the Bay of Kamranh on the 31st. The 
residual low from this typhoon appeared as a diffuse low over south Burma and the Andaman Sea on the 
2nd November and caused local rain in that region, but did not develop. 

38. Typhoon of 28th September to 1st October 1926 {HK ), — This typhoon started near Lat. 16 N., 
Long. 127°E., and moving rapidly westwards crossed the Annam coast to the north of Tourane in the 
early hours of the 1st October. The widespread rainfall in Burma on the 2nd and 3rd, and the move¬ 
ment of general rainfall westwards to northeast India on the 4th, may be due to some extent to disturbed 
conditions from this typhoon. 

39. Depression of 11th to Utn October 1926 (HK.).— This started near Lat. 17°N., Long. 131°E., 
and moving almost due west lay near Lat. 17°N., Long. 116°E. on the morning of the 14th. It is shown 
moving west during the day, but ho mention is made of its existence next day. This also probably was 
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wafted westwards as a wave of low pressure and the heavy rain in Tenasserim on the 18th appears to be 
associated with its passage over this region. On the morning of the 20th a shallow low was indicated 
in the north Andaman Sea. This moved northwest, north and northeast, and passed inland near Akyab. 

40. Typhoon of 30th September to 4th October 1928.— This formed east of Luzon near Lat. 16°N., 
Long. 126°E., and travelling westward lay near Lat. 17°N., Long. 110°E., on the 3rd, having covered 
7° of longitude in the previous 24 hours. It crossed the coast near Donghoi that evening. Pressure 
changes over Burma indicate that the residual low passed over Pegu and north Tenasserim during the 
4th and was entering the Bay on the 5th. It did not however re-develop in the Bay, but helped to 
stimulate the activity of the monsoon in Burma, where widespread rainfall occurred. 

41. Typhoon of 4th to 7th November 1898 (ZK. No. 101).- This appeared to the south of the Philip¬ 
pines on the 4th, struck Cape St. Jacques on the 7th and was in the Gulf of Siam probably next day. 
On the morning of the 10th a low was entering the north Andaman Sea and moderately heavy ram had 
fallen in parts of Tenasserim. The low persisted over this region for two days and disappeared without 
further development. 

42. Typhoon of 1st to 6th November 1900 (ZK. No. 108).- This typhoon appeared to the southeast 
of Luzon and crossed the coast near the Bay of Tourane. The rainfall in the central districts of Burma 
on the 8th seems to have been associated with disturbed conditions from this typhoon. 

43. Typhoon of 22nd to 30th December 1918 (HK.).— This typhoon had its origin to the east of the 
Yizayas and is shown on the 30th December as a depression near Lat. 7°N., Long. 107°E., moving west- 
southwest at the rate of 4° a day. The westward passage of the residual disturbance in the southeast 
of the Bay is indicated by the veering to east of winds at Port Blair and Table Island on the 2nd and 3rd 
January 1919. The fairly widespread rain in the south of the Peninsula on the 6th is evidently connect¬ 
ed with the passage of the disturbed conditions over that region. 

44. Typhoon of 5th to 10th December 1929.—This started near Lat. 11°N„ Long. 129°E. and travel¬ 
ling almost due west passed south of Cape St. Jacques and was near Lat. 9 N., Long. 106 E. on the 
morning of the 10th. Pressure fell in Tenasserim and a negative anomaly appeared there on the 11th ; 
there was nearly general rain in south Tenasserim during the day. The disturbance passed out into the 
Andaman Sea on the 12th, and moving very slowly north-westwards in the next three days disappeared 
near Table Island on the 16th. 


Section V—Typhoons which did not re-develop, but only influenced rainfall. 

(1 in June, 5 in July, 3 in September and 3 in October.) 


1. Typhoon of 30th May to 1st June 1903 (ZK. No. 275), which crossed the coast north of Tourane 
moving in a west-northwesterly direction is apparently responsible for the widespread rain in central 
Burma on the 3rd and 4th June. 

2. Typhoon of 29th June to 2nd July 1895 (HK. 1895, p. 16).— This appeared in the neighbourhood 
of Bolinao on the 28th and moving west-northwest crossed the coast north of Haiphong on the 2nd. 
It appears to be responsible for the heavy rainfall which occurred in the northeastern districts of Assam 
between the 5th and 7th. 

3. Typhoon of 2nd to 7th July 1910 (ZK. No. 382), which formed near Macclesfield and moving 
west-northwest traversed Yunnan on the 7th is apparently responsible for the heavy rain in the northern 
portions of Chiengmai (Siam) od the 6th and for the widespread and in places moderately heavy rain in 
Upper Burma and Assam between the 7th and 9th. 

4. Typhoon of 30th June to 4th July 1920 (HK.), which had its origin near Lat. 19 N., Long. 116 E. 
is shown on the 4th morning near Lat. 22°N., Long. 104°E. moving west-northwest. The increase of 
rainfall in north Burma and northeast Assam between the 3rd and 6th appears to be associated with the 
residual disturbed conditions: Myitkyina recorded 4" on the 5th. 
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5. Typhoon of 11th to 18th July 1927 (HII.). —This typhoon, had its origin near Lat. 15°N., Long. 
135°E., on the 11th and travelled west-northwest till the 15th ; then it intensified, and turning to north¬ 
west passed over Formosa on the 16th, and crossed the coast near Amoy next morning. Weakening 
into a depression again it travelled westwards over south China and lay near Lat. 25°N., Long. 110°E., 
on the 18th morning. It traversed nearly 9° of longitude on the 17t!L-18th and is partly responsible 
for the moderately heavy rain which fell in north Burma and the adjacent parts of Assam on the 19th. 

6. Typhoon of 20th to 27th July 1927 (.HK .), started near Lat. 16°N., Long. 131°E., and moving 
west-northwest crossed the coast near Hongkong on the 25th. It lay in the neighbourhood of Pakhoi 
on the 26th and weakening into a depression is shown near Lat. 22°N., Long. 103°E., on the morning 
of the 27th. A severe storm at the head of the Bay was dominating the weather in the north of the Bay 
and in Burma on the 28th and 29th ; hence the effect of the residual low from the typhoon is shown only 
by a fall of pressure in the extreme north of Burma on the 29th followed by an increase of rain in that 
region. 

7. Typhoon of 15th to 21st September 1916 (HK.), which started north of Palawan and ended on the 
coast of Tongking is apparently responsible for the increase of rain in the northern circles of Siam on the 
22nd and 23rd, and the widespread rain in central and north Burma on the 23rd. 

8. Typhoon of 17th to 21st September 1929 (HK.), had its origin near Lat. 13°N., Long. 129°E. and 
travelled first northwest then west along the sixteenth parallel till it was very near the Annam coast; 
curving to northwest thereafter it crossed the coast of Tongking near Lat. 19°N., Long. 106°E. and lay 
near Lat. 20°N., Long. 104°E. on the afternoon of the 21st. Upper winds in Burma indicated a feeble 
low to the east on the 22nd. These indications had disappeared by the next morning showing that the 
low had filled up ; it was, however, instrumental in causing an extension of rain in central and north 
Burma on the 22nd and 23rd. 

9 to 12. Typhoons of 25th to 30th September, 29th September to 3rd October and 1st to 9th October 1893 
(Typhoon XV, XVI and XVII, HK. 1895, pp. 153-4) and the typhoon of 6th to 10th October 1893 (ZK. 
No. 2).—- The first crossed the coast near Haiphong and the next two between Hongkong and Haihow. 
They all followed similar westerly paths in the China Sea determined by the trough of low pressure between 
the northeast and southwest monsoons. The fourth crossed the Annam coast to the south of Vinh about 
the 10th. The disturbed conditions passing westwards from these typhoons appear to have been res¬ 
ponsible for the general and continuous wet weather in Burma in the first fortnight of October. The 
total rainfall of the month was above normal by 4" in Upper Burma ; this excess was one of the largest 
on record and was exceeded only twice in the 50 years 1875 to 1924. In Lower Burma the excess was 
also high, 2*3". Taking Burma as a whole the excess was 3", and was exceeded only once in 1878. 
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Section VI.—Storms or depressions which appear, from the place of their origin and from the condi* 
tions preceding their formation, to be connected with disturbances coming from the Far East, 
but are not continuations of typhoons whose tracks are given in the Far Eastern publications. 

Year. Date and place of origin. Date and plafce of ending. Remarks and references. 


August. 


1913 

27 th July, extreme 
of Burma. 

north 

5th August, Central Provinces 

1922 

11th, north Burma 

- 

17th, Chota Nagpur 




September. 

1908 

19th, Andaman Sea 

• 

30tb, north Hyderabad . 

1916 

19th, north Bay 

• 

28th, west Rajputana 

1924 

30th, centre Bay 

• 

4th October, Central Provinces 




October. 

1893 

19th, north Andaman Sea 

• 

22nd, southeast Bengal . 

1893 

25th, off south Tenasserim 

. 

28th, Arakan coast r. 

1900 

4th, centre Bay 

. 

10th, south Bihar . 

1909 

22nd, Andaman Sea 

• 

29th, Arabian Sea . 

1912 

28th, south Bay 

• 

2nd November, Bengal . 

1914 

1st, Andaman Sea . 


6th, Chittagong coast 




November . 

1907 

24th, east of Nicobars 

. 

26th, off Madras coast 

1909 

29th, between Andamans 
Nicobars. 

and 

6th December, crossed Chitta¬ 
gong coast. 

1917 

7th, Andaman Sea . 

• 

16th, off Nellore 

1922 

17th, east of Andamans . 

• 

22nd, near Masulipatam . 

1922 

25th, west of Nicobars 

• 

7th December, near Socotra 




j December. 

1908 

30th, east of Ceylon 

• 

2nd January 1909, near Amini 
Devi. 


Connected with a shallow depression covering 
southwest China on the 23rd-24th. (Ind. 
1913, pp. 73 and 82). 

Feeble. 


Entered the Andaman Sea from the east. 
(Ind. 1908, p. 93). 

Developed out of a small depression which 
moved into the Bay from the north Anda¬ 
man Sea on the 17th. (Ind. 1916, p. 94). 

Unsettled conditions appeared from the east 
into the Andaman Sea on the 27th and 
developed into a depression in the centre of 
the Bay. (Ind. 1924, p. 104). 


Due to the development of a low which entered 
north Andaman Sea on the 18th. (Ind. 
1893, pp. 399-402). 

Due to a low which crossed Tenasserim south 
of Mergui. (Tnd. 1893, pp. 402-406). 

Appeared as a shallow over north Andaman 
Sea on 1st. (Ind. 1900, pp. 667-675). 

Developed out of a small depression which 
entered the Andaman Sea to the south of 
Mergui on the 21st. (Ind. 1909, p. 105). 

Developed out of a low which appeared in the 
south Andaman Sea on 26th and passed 
into south Bay on 27th. (Ind. 1912, p. 86). 

Due to disturbed conditions which crossed 
Tenasserim on 30th September. (Ind. 1914, 
p. 104). 


Moderate. Probably from the east on 22nd. 
(Ind. 1907, p. 116). 

Severe and of small extent. Caused heavy 
rain in Orissa. (Ind. 1909, p. 126). 

Depression entered from the east. (Ind. 1917, 
p. 115). 

Severe. (Ind. 1922, pp. 10-11). 

Low passed into the south Andaman Sea from 
the east on 20th, after causing rainfall in 
Lower Siam. Small and severe. (Ind. 1922, 

pp. 11-12). 


Due to the development of a low which appear¬ 
ed in the Andaman Sea on 27th and travel¬ 
led westwards across the Bay. (Ind. 1908, 
p. 122; Ind. 1909, p. 4). 
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PLATE I. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN JULY DURING 1884 TO 1917. 
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PLATE II. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN JULY DURING 1918 TO 1930. 
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PLATE III. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN AUGUST DURING 1884 TO 1917. 















































PLATE IV. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN AUGUST DURING 1918 TO 1930. 
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PLATE V. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN SEPTEMBER DURING 1884 TO 1905. 


G.P.Z.O. Poona, 1926. 
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PLATE VI. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN SEPTEMBER DURING 1906 TO 1930. 
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PLATE VII. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN OCTOBER DURING 1884 TO 1908. 
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PLATE VIII. TRACKS OF TYPHOONS WHICH REDEVELOPED INTO STORMS OR DEPRESSIONS IN INDIA 

IN OCTOBER DURING 1909 TO 1930. 


G.P.Z.O. Poona,1936. 
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LATENT INSTABILITY IN THE ATMOSPHERE REVEALED BY SOME INDIAN 

TEPHIGRAMS. 

BY 

V. V. Sohoni and (Miss) M. M. Paranjpe.* 

(Received 13th March 1934.) 

1. Summary. 

By the application of saturation temperature (S. T.) curves, termed estegrams (S. T. grams), introduced by Dr. C. W. B. 
Normand for indicating humidity on thermodynamic diagrams, about 250 sounding balloon records over Agra, Poona 
and Hyderabad (Deccan) during 1929 to 1931 were examined from the point of view of latent instability. For practical purposes 
the estegrams are equivalent to wet bulb temperature curves. Typical cases are described and limitation of the records on 
account of hair hygrometry considered. The average curves of equivalent potential temperature, which is known to be a useful, 
conservative property of air masses, are also examined. 

Sources of air samples relating to each individual record, exhibiting latent instability or its absence, were investigated by 
tracing trajectories of upper air movement at various levels. Weather notes for all days of soundings were compared. Absence 
of latent instability is associated with dry, fine weather, with occasional high clouds of non-convectional type ; and latent 
instability, with convectional types of clouds like cumulus and cumulo-nimbus or rain or thunder or thunderstorms. 

In general, latent instability is associated with incursions of ooeanic air of tropical or equatorial origin, having above 2 km. 
an equi valent potential temperature that decreases with height; and absence of latent instability is associated with continental 
air, having an E. P. T. that tends to increase upwards. From the general circulation of upper air currents over India, this 
explains the comparative scarcity of latent instability in the winter at Agra, Poona and Hyderabad as contrasted with the 
remainder of the year. 

2. Introduction. 

The usual method of indicating humidity by means of a depegram (Dew-Point-gram) 
in connection with tephigrams simply shows the variation of humidity in a sounding 
balloon ascent, but it is not directly useful for calculating the energy available in a small 
mass of air rising from a particular layer. In combination with the thermodynamic 
representation of temperature by the tephigram, a thermodynamic indication of humi¬ 
dity is desirable, in order to obtain reasonably correct deductions about the stability of 
small ascending air masses and the liability of the environment regarding the development 
of free energy. A method of representing humidity, consisting of plotting the saturation 
temperatures (or their approximate equivalents, the wet bulb temperatures) of the upper 
air on their appropriate isobars has been advocated on thermodynamic grounds by Dr. 
C. W. B. Normand, (10)f. This method has been used in the classification of Indian tephi¬ 
grams for this preliminary study. 

Normand’s method is a natural sequence of the use of the wet bulb temperatures of 
the free air advocated by him in 1921 (9). According to him there are two main reasons 
for stressing the plotting of a W. B. curve or an estegram (S. T. gram). 

First, to consider “ liability ” to instability from a tephigram alone by comparison 
of the latter with saturation adiabatics is obviously insufficient. The actual state of the 
humidity is neglected. The air may be very dry at all heights, and to consider it as if it 
were moist is to spend time in considering conditions that may be quite impossible. When 
we consider “ liability ” in this way, we virtually assume that it will be possible by a natural 

* The paper in an earlier stage and in fuller form was submitted to the Bombay University by Miss Paranjpe in 1933-34 aa 
a thesis for the M. Sc. degree which was awarded to her. 

f Such numbers in brackets indicate items in the bibliography on page 142. 
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process to saturate dry air without altering its temperature. We know from observa¬ 
tion of dry air passing over a large lake or of continental air meeting the ocean, as well 
as by observation of a wet bulb thermometer, that dry air does not become saturated 
without simultaneous alteration of its temperature. Any one making an approximate 
estimate of the probable effect of increasing the humidity, must assume a decrease in D. B. 
temperature, an increase in the dew-point temperature but little or no change in the W. B. 
Therefore if the air sample under consideration is allowed to pass over a water surface 
and become completely saturated, its temperature is likely to become equal or to approxi¬ 
mate to the original W. B. temperature. From this alone one would be justified in con¬ 
cluding that a W. B. curve alongside the tephigram is of importance in estimating 
“ liability ”. 

Secondly : Adiabatic diagrams contain both dry adiabats and saturated adiabats. 
Just as the temperature-height curve or tephigram affords a curve that is readily compar¬ 
able with the dry adiabats, so we need a curve that may be compared with the saturation 
adiabats. This is given by the S. T. gram or estegram (10). When air is saturated, the 
tephigram and S. T. gram are coincident. It happens that the S. T. gram and wet bulb 
{W. B.) curve are almost equivalent to one another, a relationship realised in 1921 when 
it was shown that a close fit to the Neuhoff diagram could be constructed by use of W. B. 
tables alone (9). They are not exactly equivalent. Hence the introduction of a definite 
name “ saturation temperature ” to distinguish that function from its near relative, the 
W. B. temperature. For most practical purposes one may plot either the W. B. curve 
or S. T. gram, depending upon the data available and draw such conclusions about latent 
instability ” as a knowledge of the properties of the estegram allows one to draw. 

To classify Indian tephigrams according to the presence or absence of latent 
instability ”* and to correlate them with weather or to find out the types of air masses 
associated with different conditions, at least qualitatively, was the preliminary problem 
taken up. The following tephigrams (with depegrams) of sounding balloon records were 
studied :— 

Tephigrams of soundings from— 

(a) Agra during the period July 1925 to October 1930, 

(b) Poona during the period October 1928 to March 1931, and 

(c) Hyderabad during the period August 1929 to October 1930. 

The distribution of the tephigrams in different months for different stations, totalling 
in all 248 individual cases studied, is shown in Tables /, (&) to (d ). 

3. Method of Procedure. 

The estegrams corresponding to the tephigrams were first drawn in every case. For 
example consider the ascent for the 31st Marc h 1930 of Agra, Fig. 8 a . The dry adiabatic 

* The phrase “ latent instability ” was used and defined in a paper on tropical storms, Gerlands Beit. z. Geophys., 34 , 234 
(1931). See also No. 10 in bibliography at end c f this paper. The “ latent instability ” of a sample of air is analogous to the 
latent instability of a pencil standing erect. Give it a gentle blow and it may oscillate without falling. A slightly harder blow 
knocks it down and releases much more energy than is conveyed by the blow. The phrase “ trigger action ” has been used often 
enough to describe this type of action, but we do not use “ trigger stability ” to describe the state preceding the pull of the 
trigger. What is the best mode of describing this state ? In physical chemistry a somewhat analogous state of equilibrium is 
ealled the melastable state. Are we to introduce this hybrid word into meteorology also ? Or shall we continue to describe the 
.condition as one of “ latent instability ” as is done in this paper ? 


C. W. B. N. 






LATENT INSTABILITY IN THE ATMOSPHERE. 


13; 


> fjj 


( i.e ., isentropic) AB through the point on the tephigram at the surface level, and the 
isohygric CB through the corresponding dew point are drawn. The saturation adiabatic 
through their point of intersection B meets the isobar at the surface level in a point D 
whose temperature co-ordinate is 288°A. This is the ‘ saturation temperature ’ of the 
air sample at the surface level. Similarly the saturation temperatures at different levels, 
are obtained, and the estegram is drawn by joining all these points. 

The estegrams together with the tephigrams enable us to typify the conditions of small 
air samples or c particles ’ with respect to their environment into 3 classes. This classi¬ 
fication holds strictly for particles only and not for layers of considerable thickness. 
Samples of air, which if raised adiabatically will release more energy during the higher 
unstable portion of their ascent than is needed to be supplied to them in the lower stable 
portion, represent the real Latent Instability. An example is shown in Fig. 4„ and 
described in a later paragraph. In another type, with a given supply of energy a particle 
can be raised to a position where it is in an unstable environment and hence can liberate 
some energy; but the energy realised is less than the energy supplied, as in the case 7, 
Fig. 7 a , below. This one may call Pseudo-Instability. In the third possible type 
when “ the lowest saturation adiabat tangential to the tephigram lies wholly to the left 
of the estegram ” (10) there is No Latent Instability or pseudo-instability at alL 
(Compare case 1, Fig. l a below). To summarise, it is a case of— 

(a) Latent Instability if 

energy realisable ^ j 

energy to be supplied 

(b) Pseudo-Instability if 

energy realisable ^ j 

energy to be supplied 

(c) No Latent Instability if 

there is no energy at all realisable. 

Examples illustrating these types are described in the next section. Each tephigram 
record with the corresponding estegram drawn upon it was examined and information 
regarding instability, pseudo-instability or no instability, of air samples with relation to. 
various layers of the environment was collected. Tables I, (a) to ( d ), show the total number 
of records for Poona, Agra and Hyderabad studied and the number of soundings showing; 
latent instability, pseudo-instability and no instability. 

In order to study the history and source of the air masses concerned in the individual 
soundings which showed the presence or absence of latent or pseudo-instability, trajec¬ 
tories of air movement at different heights were constructed for all cases from observa¬ 
tions of upper air movement recorded by pilot balloon stations in the country. The data 
were available in the daily Upper Air Charts comprising the network shown in Fig 10. 

In order to trace the source of air at a certain level over a station, say Agra, 
the velocity and direction of wind on that day at the particular level were noted. The 
air sample was traced back and, from the stream lines on the previous day, another pilot 
balloon station in the neighbourhood could be located from which air had probably 
advanced towards Agra. The direction and velocity of the wind recorded on the corre¬ 
sponding day’s chart at this station were noted, and the source of air at this station could 
be traced backward still further. This backward tracing could be continued until the 
trajectory entered the continent beyond India or reached a sea coast. Although, undeni¬ 
ably, the 24 -hour interval between one upper air chart of stream lines and the next must 
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be a source of uncertainty in drawing trajectories and although there is the implicit 
assumption that the air motion has been horizontal throughout, it was felt that in general 
a fairly satisfactory estimation of the source of air sample could be obtained. 

The resulting trajectories are assumed to show the general run of air for a few days 
before the day of the sounding concerned and hence the history and source of the air mass. 
They have been taken as a sufficiently accurate index as to whether, the source of the air 
sample under consideration is continental or oceanic. 


Case 1 


4. Typical cases. 

A few typical cases are described below :— 

2 | illustrate No Latent Instability. 

3 illustrates No Latent Instability mainly, with slight pseudo-instability in 
some layers. 

O. 

5 > illustrate Latent Instability. 

<0 

7 illustrates Pseudo-Instability. 

8 illustrates Latent Instability in some layers, Pseudo-Instability in others, 
as well as some layers of No Instability. 

9 illustrates how on occasions the trajectories probably fail to serve as a 
correct index of the source of air. 


In the description, heights corresponding to pressure levels were obtained from the 
tables of mean monthly values of pressure, at different levels, in geodynamic kilometers, 
available in the India Meteorological Department. The weather notes have been extracted 
from “ Sounding Balloon Data ” published by the India Meteorological Department (7). 

Case 1 . (Figs. l a and l b ). The sounding over Poona on the 26th November 1930 
illustrates absence of latent instability. The sounding reached a great height. Humidity 
was recorded up to about 3-6 km. (650 mb.). The air samples at this height were extremely 
dry ; the dew point was as low as 231°A, the corresponding dry air temperature being 
280°A. 


Judging from the tephigram in relation to the dry adiabatics or isentropics, i.e., the 
horizontal lines in the grid, the environment was stable for dry air. If the air could have 
been saturated without change of temperature, the environment would be “ liable for a 
display of energy ” as defined by Shaw (vide Manual of Meteorology, Vol. Ill, p. 278), 
from the surface to 2-5 km. (750 mb.) and from 3 to 8-7 km. (700 to 300 mb.) ; this follows, 
because in some portions of the tephigram, the slope exceeds the slope of the saturation 
adiabatics. Actually however no saturation adiabatic cuts or touches both the tephigram 
and the estegram, the air is in fact too dry to make it “ liable for a display of energy ” 
and there is therefore no latent instability. 

Air trajectories up to 6 km. level indicate a north Indian origin of the air over Poona 
(Fig. l b ). It was “ continental ” air. 

Weather was clear at Poona and dry weather prevailed over the country as a whole 
■on the day of the sounding. 
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Case 2. (Figs. 2 a and 2 b ). The sounding over Agra on the 21st March 1930 also took 
place in conditions of no latent instability. The temperature curve reached the strato¬ 
sphere and the humidity record was available up to 7 km. (400 mb.). 

Dry air was stable everywhere. Shaw’s environmental liability is evinced by the 
tephigram up to about 6-5'-km. (450 mb.) and was stable higher up. But within the limits, 
of the diagram for which humidity data were available no saturation adiabat tangential 
to any part of the S. T. gram cuts the tephigram ; in other words, no adiabatic process- 
could produce saturated air that is unstable in the environment in which it finds itself.. 
Hence the environment had no latent instability. 

Air trajectories up to 6 km. indicated air of continental origin. 

Notes on the weather are : “ Passing clouds C and CS till afternoon. C and CS9 
at ascent. No large change afterwards ”, although ” western disturbance gave a few 
thunderstorms and duststorms along the frontier ” away to the north-west of Agra. 

Case 3. (Figs. 3 a and 3 b ). The ascent over Hyderabad on the 13th October 1929 
shows a condition of the atmosphere consisting of layers of no latent instability mixed 
with some layers of pseudo-instability. The ascent extends from the surface right into- 
the stratosphere. Humidity is recorded up to 7 km. (400 mb.). 

Dry air was in neutral equilibrium in relation to the environment up to about 3 km.. 
(700 mb.) the tephigram being horizontal along an isentropic. It was stable beyond this 
level. Liability of the environment was positive, i.e., the tephigram had a greater lapse- 
rate than the saturated adiabats, from the surface to 3 km. (700 mb.) and between 4-3 to- 
6-5 km. (600 to 450 mb.) and absent for the remaining layers. 

For air samples between the surface and about 2-5 km. (750 mb.) a very small amount 
of energy is enough to take them to condensation level, as the part of the environment 
curve along which they had to travel before saturation was nearly horizontal and coinci¬ 
dent- with a dry adiabatic. However, the energy that would be displayed with reference 
to the environment after reaching the saturation stage would also be very small (vide 
shaded area ABC). The environment in the small layer from about 2-9 to 3-3 km. (72b 
to 680 mb.) was probably one of pseudo-instability. All other layers had no latent insta- 

bility. . . 

Pilot balloon observations up to 2 km. were available. Trajectories for I and 2 km. 

indicated that air masses of continental origin sweeping over Peshawar, Lahore, Agra 
and Jubbulpore, reached Hyderabad on the 13th. 

Weather Notes :—Cloudy with AK and AS in the morning. There was partial 
clearing after 10 hours K and AK at ascent. Sky gradually cleared after sunset. 

Case 4. (Figs. 4 a and 4 b ). The sounding over Agra on the 25th April 1930 offers 

one of the best illustrations of latent instability. 

The tephigram extends far beyond the troposphere and humidity is recorded up to- 

12 km. (200 mb.). 

Dry air was stable everywhere with respect to the dry adiabats. Liability ot environ¬ 
ment to saturated air was considerable from the surface to 8 km. (350 mb.) and stable 
for the remaining part of the environment. The estegram goes up to 12 km. (200 mb.), 
coinciding with the environment curve beyond 9 km. (300 mb.). 

Considering the highest saturation adiabatic, tangential to the part of the estegram 
below the condensation level in relation to the tephigram, we can mark out the environ- 
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ment between about 3-4 and 11 km. (670 and 240 mb.) as the environment of latent insta¬ 
bility. Considering the lowest saturation adiabatic, tangential to the tephigram in rela¬ 
tion to the estegram, it is obvious that layers of air from surface to about 6-4 km. (460 
mb.) show latent instability or pseudo-instability. For the air sample at 1 km. (900 mb.) 
the energy required for raising the air sample is only about 1/ 8 th of the energy set free 
in the ascent after saturation, as is seen by comparison of the hatched areas ABC and CDS. 

At higher levels, however, say 6 km. (480 mb.) a similar comparison of areas shows 
that instability is of the pseudo variety only. 

From the trajectories of upper air movement, the air at 1 and 2 km. seems to 
originate in the Persian Gulf, and that at 3 and 4 km. came apparently from the 
Arabian Sea. The latent instability in the layers of air over Agra was thus clearly asso¬ 
ciated with oceanic air. 

Weather notes :—Cirrus haze with patches of C in the first part of the day. In the 
afternoon patches of K clouds. In the evening again patches of C. Occasional lightning 
and thunder after 21 hours. A few falls of rain in west United Provinces. Agra had a 
few showers during the night. 

Case 5. (Figs. 5 a and 5 b ). The Poona sounding of the 21st May 1930 is another case 
of latent instability. Dry air was stable except in the layer of 250 to 230 mb. 

Liability to saturated air existed from about 0-5 to 4*3 km. (950 to 600 mb.) and 8 to 
11 km. (350 to 230 mb.) Layers of instability extended from surface to 4-3 km. (600 mb.) 
while latent instability was indicated up to about 3 km. (700 mb.) From 4-3 km. (600 
mb.) upward, there was no latent instability. Environment of latent instability extended 
from 2 to 19 km. (800 and 100 mb.) For point A as an instance, if energy represented by 
area ABC were supplied to raise a particle of air to point C, the energy realisable would 
be represented by the area CDEFC. 

From the trajectories it is clear, that at 0-5 and 1 km. levels, the air over Poona came 
directly from the Arabian Sea. At 2 km. the air could be traced first to Gujarat and ulti¬ 
mately to the Arabian Sea, over a day previously ; while at 3 km. air originating from 
Arabian Sea passed Gujarat on 19th, then turned southward and reaching Hyderabad on 
the 20th recurved towards Poona on the 21st. Thus the incursion of oceanic air seems 
to have occurred at all levels of latent instability. 

The weather notes below show that the latent instability actually materialised into 
widespread thundery conditions. 

Weather Notes :—Cloudy with K and KN and thunder at ascent. Cleared after 20 
hours. Local thunderstorms in south Hyderabad, Bombay Deccan and the Konkan. 
Duststorms at Ahmednagar and Aurangabad. Poona recorded 0-1" of rain on. the morn¬ 
ing of 22nd and 1-9" on the morning of 23rd. 

Case 6. (Figs. 6 a and 6 h ). The sounding over Hyderabad on the 4th September 
1929 illustrates a case of latent instability in the surface layer only. The temperature 
curve extended from the surface to about 19 km. (100 mb.) ; humidity was recorded up 
to 9 km. (300 mb.). Dry air was stable everywhere. Liability of environment to 
saturated air existed from above 1 km. to 5 km. only (900 to 550 mb.). If one follows 
the isentropic for the surface point A, on the tephigram, until it cuts the saturation 
adiabatic through the S. T. corresponding to A, one comes to point B. BD is along a 
saturated adiabatic through B. Therefore a supply of energy represented by area 
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ACDB, would bring a particle from the surface through the stable isothermal environ¬ 
ment AC to D where it is unstable, after which the environment would discharge its 
liability to the extent represented by the area DEFD. Apart from the extremely shallow 
surface layer, there is no latent instability at all, because at every higher level, say at 
C or D, the saturation adiabatics through corresponding S. T.’s lie entirely to the right 
of the tephigram. 

Pilot balloon observations up to 2 km. only were recorded. Surface trajectory indi¬ 
cates the incursion of oceanic air from the Arabian Sea. At 1 and 2 km., however, the- 
air over Hyderabad seemed to have originated in north India. 

Weather Notes Overcast with AS and AK in morning, clouds diminished in after¬ 
noon but again increased after 17 hours. Overcast with C, CS and AS at ascent. 

Case 7. {Figs. 7 a and 7 b ). The Agra sounding of 28th March 1930 illustrates pseudo¬ 
instability i.e., where particles of air would need more energy to raise them to the level of 
instability than the energy realisable thereafter. 

The tephigram indicates a slight instability for dry air at 9 km. (300 mb.), it was stable 
for the remaining part. Environment was liable up to 7-7 km. (380 mb.) and at 9 km. 
(300 mb.). 

Humidity was recorded up to 10-5 km. (250 mb.). The estegram in relation to the 
tephigram indicates layers of pseudo-instability up to 4 km. ; all these layers require more 
energy to reach their condensation levels than they could display after saturation. For 
example, an air sample at A at 900 mb. level would require energy represented by area 
ABC to liberate a realisable energy represented by the smaller area CDEC. 

Weather Notes :—Patches of CK in the morning, AK6 at 8-30 a.m., clear by 10 hours.. 
C appeared at 11 hours. They increased in amount to 6 at noon and decreased to 3 in the 
afternoon. Sky gloomy CS7, K2 at ascent. Clouds began to decrease in amount from 
19 hours being 5 at 22 hours. A low pressure area over the south-west Punjab caused 
nearly general rain in the North-West Frontier Province and north-east Baluchistan with 
scattered dust and thunderstorms over north-west India and then lay diffused over the 

Gangetic plain at 8 a.m. on 29th March. 

Case 8. {Figs. 8 a and 8 b ). The ascent over Agra for 31st March 1930 exhibits all 
the three types of air samples, viz., layers of latent instability, layers of pseudo-instability 
and layers having no latent instability. 

The tephigram extends up to 19 km. (100 mb.) and humidity record up to 9-3 km. 
(300 mb.). Dry air was stable everywhere. For saturated air there wsv; liability up to- 

6-5 km. (450 mb.). 

From 1*5 to 2 km. (850 to 800 mb.) there was pseudo-instability. At 2 km. (800 mb.) r 
where the W. B. curve or estegram has a maximum value relative to the grid of satura¬ 
tion adiabats, there was the real latent instability. Below 1*5 km. (850 mb.) and above 
3 km. (700 mb.) there was no latent instability. 

Trajectories of previous air movement showed that latent instability was associated 
with an oceanic source while absence of latent instability went with air of non-oceanic 

origin. The Weather Notes for the day are 

& C gradually increased in amount to 8 at 13 hours. Later they gave place to K gradu¬ 
ally. (C and CB) 5 and K2 at ascent, KN at night, Equally winds and lightning at intervals 
between 21 and 23 hours. 

c 2 
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Agra was apparently under the influence of a western depression and probably there 
Was a rapid change of conditions after the ascent. 

Case 9. (Figs. 9 a and 9 b ). The ascent over Poona on the 15th May 1930 illustrates 
a case of incursion of apparently oceanic air, associated with absence of latent instability. 

The temperature curve extends right into the stratosphere, humidity is recorded up 
to 7*3 km. (400 mb.). 

Absence of latent instability is clearly indicated because, practically the whole of the 
tephigram lies to the left of the highest saturation adiabat tangential to the estegram, and, 
the whole of the estegram lies to the right of the lowest saturation adiabat tangential to 
the tephigram. 

The trajectories indicate that direct incursion of oceanic air occur at all levels, and 
this therefore appears to represent a very peculiar case of association of oceanic air with 
absence of instability, either latent or pseudo. The humidity records of the sounding 
however show great dryness such as is not usually associated with oceanic air, the relative 
humdity at different heights being as follows :— 

Per cent. 


6 km. 



2 




1-5 „ 
Surface 


20 

22 

26 

42 

52 

53 
36 


The weather notes of the day are :— 

“ Clear with slight haze ” which are typical of a non-instability day. 

Hence one is inclined to conclude that the Poona air was really continental or anti- 
cyclonic in origin although it may have skirted the coast of the northern parts of the 
Bombay Presidency. 


5. Limitations of the records. 

In this connection it is essential to consider the inherent limitations that hold with 
respect to conclusions based on humidity measurements in the soundings. The humidity 
is recorded by hair hygrometer, the accuracy of which is subject to a more or less 
uncertain error. In the calibration and working out of the results of soundings in the 
India Meteorological Department the extension of the hairs (2 loops) in the meteoro¬ 
graphs is assumed to be linear which in practice would not be realised in the conditions in 
which the hair is used in the atmosphere. In the recording of humidity by the hair element, 
the tension of a spring is operative, which is probably variable within certain limits apcord- 
ing to displacement which in turn depends on humidity. Moreover there is always 
a difference between the ascending and descending traces of humidity in the sounding 
balloon records, only the average of the two sets of values being used to plot the depegrams. 
It is not intended to deal with these sources of uncertainty in this work, but we have to 
consider its effects on the classification of air masses, from the point of view of latent insta¬ 
bility. 

Almost at all temperatures, a 20 per cent, error in humidity, near saturation, changes 
the dew-point by some 4°C ; with relative humidity ranging from 20 per cent, to 40 per 
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cent., an error of 20 per cent., changes the dew-point by some 6°C. This change of dew¬ 
point is much greater below this range of humidity. 

A 10 per cent, error in humidity, changes the dew-point by some 2°C near saturation 
and by 3°C for moderate values of humidity. 

The latent instability of air-masses is not considerably affected by a 5 per cent, error 
in humidity which changes the dew-point by 1°C near saturation and by 1-5°C for moderate 
values of humidity. 

The errors in humidity record due to logarithmic extension of the hair are large at low 
and high humidities only ; but in cases of air masses with very low or high humidity, the 
classification in relation to latent instability would not be affected qualitatively even by a 
20 per cent, error in humidity record. 

For moderate values of humidities, where the linear extension of hair is approxi¬ 
mately true, if there is assumed an error of 10 per cent, only in an average good record in 
India, for temperature value below 250°A, then as the air-samples under consideration 
are restricted to 6 km. height in the classification, while the temperature value of 250°A 
is never reached below 7 km. over Agra, Poona and Hyderabad, the qualitative analysis 
of air-masses as regards latent instability will be affected only in very few cases with this 
order of error in humidity record. It is for this reason perhaps that some cases appear 
with latent instability associated with continental air, while other cases show no latent 
instability associated with oceanic air. 

6. Equivalent Potential Temperature. 

For the study of the characteristics of air masses, the Equivalent Potential Tempera¬ 
ture (hereafter called E. P. T.) as a conservative property is well known. It is a single 
valued function of the Saturation Potential Temperature, and therefore approximately 
so of the Wet Bulb Potential Temperature, which was first used by Normand (9) in 1921 
as a conservative property of an air mass. Normand (9), Robitzsch (13) and Rossby (14) 
have discussed the equivalent temperature and the equivalent potential temperature from 
different angles of view, but have arrived at similar mathematical expressions. A critical 
comparison of differing definitions of E. P. T. is being reserved for another paper. For 
the present purpose of classifying tephigrams according to E. P. T.’s there were two alter¬ 
natives. The first was by use of Rossby’s tables ; but this would have involved the evalua¬ 
tion of humidity mixing ratios from relative humidity data, which were not readily avail¬ 
able and could be had only by graphical interpolation for different isobaric levels, with the 
consequent introduction of error. The other alternative was to read E. P. T. direct from 
the tephigram by identifying the saturation adiabatic that passed through the point repre¬ 
senting the W. B. or saturation temperature of the air sample. This saturation adiabatic 
is asymptotic with a dry adiabatic and hence is associated with a definite value on the 
potential temperature scale, that value being, according to one definition, the E. P. T. of 
the air sample under consideration. A method which used tables (like Rossby’s) instead 
of a graph, would have been somewhat more accurate, but in view of the interpolational 
errors referred to above even in that method, and in view of the probable errors in the 
humidity data themselves referred to in the previous section, it was considered sufficient 
for the purpose in view to use the second alternative to find E. P. T. 
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E. P. T. values for all the soundings at levels of 1, 2, 3, 4-3 and 5-5 km. were determined 
graphically and grouped into 3 groups according as the soundings indicated latent insta¬ 
bility, pseudo-instability or no instability. 

The data for Agra and Poona cum Hyderabad of E. P. T. averages of the correspond¬ 
ing number of cases are summarised in Table III (page 149) and shown diagrammatically 
in Fig. 11. Their significance will be briefly discussed in the next section. 



7. Results and Conclusions. 

At Agra out of 145 soundings 68 showed no latent instability, 57 showed latent insta¬ 
bility and 20 pseudo-instability. Of the 57 cases of latent instability 11 occurred in the 
cold weather, November to March, and the remainder between April and October [see 
Table I (a)]. Thus at Agra latent instability occurs frequently in the monsoon and 
pre- and post-monsoon seasons, but is much less common in winter. 

As regards Poona and Hyderabad it is better to consider the data together because 
the data for Poona are deficient in the monsoon season, when however they can be supple¬ 
mented by those of Hyderabad. This is also justifiable because the stations are only 
about 250 miles apart and are approximately in the same latitudinal zone. Out of a total 
of 103 soundings, 42 cases had no latent instability, 52 had latent instability and 9 pseudo¬ 
instability. Here also latent instability was of much more frequent occurrence in the 
monsoon season, the percentage figures [cf. Table I (d) | being about 83 per cent, for July 
to September and about 18 per cent, in December to January. 

Considering the classification according to the presence of continental or oceanic air 
as judged from the cases for which trajectories of the source of air samples could be 
drawn, we find [see Tables II (a), (b), (c)] that : 

At Agra with incursions of oceanic air there were 24 cases of instability (either latent 
or pseudo-) against 1 of no instability \ and with incursion of continental air there were 
only 8 cases of instability against 54 of no instability. For Poona and Hyderabad simi¬ 
larly, there were, with incursion of oceanic air, 42 cases of instability and 14 of no 
instability ; and with continental air only 1 case of instability and 35 of no instability. 
At Agra therefore incursions of oceanic air are practically always associated with latent 
or pseudo-instability and conversely latent instability is usually associated with oceanic 
air; absence of latent instability practically always goes with continental air, but the 
converse proposition cannot be stated so definitely, because continental air, though gener¬ 
ally, is by no means always connected with absence of latent instability. At Poona latent 
or pseudo-instability, whenever present, is always associated with oceanic air, but oceanic 
air does not always bring such instability, i.e., occasionally the presence of oceanic air 
may be associated with absence of latent instability. Similarly, continental air always 
has the state of “ no instability ” associated with it, but absence of latent instability is 
not invariably a sign of continental air. 

At Hyderabad, where all the soundings have been made between June and November, 
latent or pseudo-instability is a characteristic of oceanic air in these months, and conversely 
oceanic air is almost always associated with this type of instability. 

It is interesting to note that an examination of the weather notes for all days 
of soundings (7) enables one straight away to associate instability or its absence with two 
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definite types of weather. The non-instability type is: dry fine weather; skies clear 
or clouded with cirrus, cirro-stratus, alto-cumulus or alto-stratus. The instability type is 
characterised by the following features in varying degrees or combinations : convectional 
types of clouds like cumulus or cumulo-nimbus, rain at station or in the vicinity, thunder, 
lightning or thunderstorm proper. There is a small percentage of cases in which the weather 
notes belie either the source of air mass as assumed from the trajectories or the classifica¬ 
tion according to instability ; but in view of the limitations mentioned in section 4 as 
well as those affecting the drawing of trajectories from the results of the fairly open net- 
work of pilot balloon stations, this is not surprising. 

The E. P. T. data suggest as will be obvious from an inspection of Fig. 11: 

{a) that above 2 km. latent instability is associated with E. P. T. which decreases with 
height, while the state of no latent instability has E. P. T. which increases with height, 
the fact that the latent instability is also associated with high E. P. T.’s and the stable 
state with low E. P. T.’s is to be attributed largely to the fact that the monsoon oceanic 
currents arrive in the summer-period of the year. 

(b) that the air at Agra even on instability days is stable up to 2 km., as seen from 
ascending E. P. T. curve in contrast with air over the Deccan typified by Poona and 
Hyderabad: but this may be largely a consequence of the fact that the balloons are 
generally liberated in the evening at Agra, where even in the monsoon season the diurnal 
range of temperature is considerable. 

(c) that the air at Poona and Hyderabad even on days of no latent instability appears 
to be of an unstable type up to 2 km. if one judges from the descending E. P. T. curve 
alone. In other words, the E. P. T. and W. B. potential temperature always decrease in 
the equatorial regions in the first 2 or 3 km. as was pointed out by Normand in 1921, and 
there is always a transference of heat (including latent heat) upwards there ; but the fact 
that the E. P. T. or W. B. P. T. curves have negative lapse-rates does not of itself imply 
instability, as seems at times to have been assumed. In the cases under consideration 
the air is too dry to make this potential energy realisable, a fact which is clearly under¬ 
standable only when both the tephigram and estegram (or wet bulb curve) are examined 

together. 

(d) that the pseudo-instability days which are few in number indicate an intermediate 

type. t . i • 

Out of these four points, ( a ) is exactly what theory leads one to expect. In this 

■connection it is worth remembering that E. P. T. can well be substituted by Normand s 

S P T or W. B. P. T., because as mentioned above the E. P. T. values could and have 

been derived by identifying saturation adiabatics corresponding to definite S. T. values 

■ of air samples. On the other hand the point (c) shows that it is insufficient to take account 

■ of E. P. T. alone, or of a Rossby characteristic curve alone, when one is trying to decide 
upon questions of stability and instability. 

The seasonal variation of cases of instability is broadly explicable on the basis of the 
presence or absence of oceanic air ; because in the winter, continental air dominates the 
situation, while in the other seasons it is the tropical or equatorial monsoon air that 
prevails, incursions of each being responsible, in general, for stability and instability 

respectively. 
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10. Tables. 


Table I (a). 

Agra Soundings. 


Months. 

Total. 

No latent 
Instability. 

Pseudo 

Instability. 

Latent 

Instability. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

January 





• 

11 

10 

91 

1 

9 

0 

0 

February . 





• 

9 

6 

67 

2 

22 

1 

11 

March 





• 

13 

6 

46 

2 

15 

5 

39 

April 





• 

17 

3 

17 

3 

17 

11 

66- 

May 





• 

10 

2 

20 

0 

0 

8 

80’ 

June 





• 

8 

1 

13 

0 

0 

7 

87 

July 





• 

3 

0 

0 

0 

0 

3 

100- 

August 





• 

11 

1 

9 

3 

27 

7 

64 

September 





• 

13 

2 

15 

3 

23 

8 

61 

October 





• 

14 

7 

50 

5 

36 

2 

14 

November . 





• 

23 

17 

74 

1 

4 

5 

22 

December . 




• 

• 

13 

13 

100 

0 

0 

0 

0 

Year. 

145 

68 

47 

20 

14 

57 

39 


D 

































Poona Soundings. 


Months. 

Total. 

No latent 
Instability. 

Pseudo 

Instability. 

Latent 

Instability. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

•January 


• 

• 



15 

13 

87 

0 

0 

2 

13 

February . 






15 

5 

33 

4 

27 

6 

40 

March 






7 

3 

42-8 

1 

14-4 

3 

42-8 

April 






4 

1 

25 

0 

0 

3 

75 

May 






9 

2 

22 

0 

0 

7 

78 

June 






0 

0 

0 

0 

0 

0 

0 

July 






3 

1 

33 

0 

0 

2 

67 

August 






0 

0 

0 

0 

0 

0 

0 

September . 






1 

0 

0 

0 

0 

1 

100 

•October 

• 


• 



1 

0 

0 

1 

100 

0 

0 

November . 

• 


• 



5 

4 

80 

0 

0 

1 

20 

December . 

• 


• 



12 

7 

58 

2 

17 

3 

25 

Year 

• 



• 


72 

36 

50 

8 

11 

28 

39 


Table I (c). 

Hyderabad Soundings. 


Months. 

Total. 

No latent 
Instability. 

Pseudo 

Instability. 

Latent 

Instability. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

•June • • • • • • 

3 

1 

33 

0 

0 

2 

67 

• July ...... 

5 

0 

0 

0 

0 

5 

100 

August ..... 

5 

1 

20 

0 

0 

4 

80 

September ...... 

10 

1 

10 

1 

10 

8 

80 

•October ...... 

6 

2 

33 

0 

0 

4 

67 

November ...... 

2 

1 

50 

0 

0 

1 

50 

Total of six months 

31 

6 

19 

1 

3 

24 

78 

























































January 


March 


April 


May 


June 


July 
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Table I ( d). 

Poona and Hyderabad Soundings Combined. 


145- 


<SL 


Months. 


February . 


August 


September 


Year 


• • 


• • 


October 


November 


December . 



No latent 
Instability. 

Pseudo 

Instability. 

Latent 

Instability. 

Total. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

15 

13 

87 

0 

0 

2 

13 

15 

5 

33 

4 

27 

6 

40 

7 

3 

43 

1 

14 

3 

43 

4 

1 

25 

0 

0 

3 

74 

9 

2 

22 

0 

0 

7 

78- 

3 

1 

33 

0 

0 

2 

6T 

8 

1 

13 

0 

0 

7 

87 

5 

1 

20 

0 

0 

4 

80 

11 

1 

9 

1 

9 

9 

83 

7 

2 

29 

1 

14 

4 

57 

7 

5 

71 

0 

0 

2 

29 

12 

7 

58 

2 

17 

3 

25 

103 

42 

41 

9 

9 

52 

50 


D 2 
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Table II (a). 


Poona Soundings. 


Incursion of oceanic air. 

Incursion of continental air. 

Instability. 

No Instability. 

Instability. 

No Instability. 

7th Apr. 1929 

21st Dec. 1929 


4th Jan. 1929 

3rd May 1929 

16th Jan. 1930 


15th Jan. 1929 

8th May 1929 

31st Jan. 1930 


2nd Feb. 1929 

9th May 1929 

8th Apr. 1930 


22nd Feb. 1929 

8th July 1929 

14th May 1930 


7th Mar. 1929 

29th July 1929 

15th May 1930 


17th Dec. 1929 

23rd Feb. 1930 

9th Dec. 1930 


19th Dec. 1929 

18th Apr. 1930 

7th Feb. 1931 


30th Dec. 1929 

20th Apr. 1930 

12th Feb. 1931 


7th Jan. 1930 

2nd May 1930 

17th Feb. 1931 


10th Jan. 1930 

13th May 1930 

20th Feb. 1931 


14th Jan. 1930 

21st May 1930 

16th Mar. 1931 


16th Jan. 1930 

29th Sep. 1930 



17th Jan. 1930 

6th Nov. 1930 



18th Jan. 1930 

6th Dec. 1930 



3rd Feb. 1930 

13th Feb. 1931 



9th Mar. 1930 

22nd Feb. 1931 



12th Mar. 1930 

24th Feb. 1931 



26th Nov. 1930 

27th Mar. 1931 



29th Nov. 1930 




19th Dec. 1930 

4 



9th Jan. 1931 




12th Jan. 1931 




13th Jan. 1931 




30th Jan. 1931 




11th Feb. 1931 




18th Feb. 1931 




23rd Feb. 1931 




25th Feb. 1931 




5th Mar. 1931 




11th Mar. 1931 

(19 cases) 

(12 cases) 

(No case) 

(30 cases) 
























Table II ( b ): 

Hyderabad Soundings. 


Incursion of oceanic air. 

Incursion of continental air. 

Instability. 

No Instability. 

Instability. 

No Instability. 

16th Aug. 1929 

; 17th Aug. 1929 

26th Aug. 1929 

13th Sep. 1929 

20th Sep. 1929 

26th Sep. 1929 

28th Sep. 1929 

6th Nov. 1929 

6th June 1930 

10th June 1930 

18th June 1930 

8th July 1930 

12th July 1930 

15th July 1930 

19th July 1930 

26th July 1930 

17th Aug. 1930 

6th Sep. 1930 

12th Sep. 1930 

13th Sep. 1930 

4th Oet. 1930 

14th Oct. 1930 

11th Oot. 1930 

19th Aug. 1930 

7th Oet. 1930 

17th Oct. 1929 

4th Sep. 1929 

13th Oct. 1929 

2nd Nov. 1929 

22nd Sep. 1930 

24th Sep. 1930 

(23 cases) 

(2 cases) 

(one case) 

(5 cases) 
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Table II (c). 


Agra Soundings. 


Incursion of 

OCEANIC AIR. 

Incursion of continental air. 

Instability. 

No Instability. 

Instability. 

1 

No Instability. 

18th Mar. 1929 

30th Mar. 1929 

27th Aug. 1929 

27th Feb. 1929 

16th Apr. 1929 

12th Jan. 1929 

15th Jan. 1929 

23rd Jan. 1929 

25th Jan. 1929 

6th Apr. 1929 

16th Apr. 1929 


17th Apr. 1929 

10th May 1929 

31st Jan. 1929 

2nd Feb. 1929 

7th Feb. 1929 

13th Feb. 1929 

19th Apr. 1929 

20th Apr. 1929 


31st Aug. 1929 

5th Sep. 1929 

21st Feb. 1929 

26th Feb. 1929 

8th Oct. 1929 

11th Oct. 1929 

9th May 1929 

22nd May 1929 


6th Sep. 1929 

9th Sep. 1929 

14th Oct. 1929 

17th Oct. 1929 

26th Oct. 1929 

29th Oct. 1929 

12th June 1929 

16th July 1929 



2nd Nov. 1929' 

8th Nov. 1929- 
9th Nov. 1929’ 

26th Nov. 1929- 

30th Aug. 1929 

7th Sep. 1929 

26th Sep. 1929 



30th Nov. 1929* 

18th Dec. 1929* 

22nd Dec. 1929 

28th Dec. 1929* 

31st Mar. 1930 

3rd Apr. 1930 



15th Jan. 1930 

18th Jan. 1930* 

1st Feb. 1930 

5th Mar. 1930* 

25th Apr. 1930 

26th Apr. 1930 

3rd May 1930 



21st Mar. 1930* 

28th Mar. 1930 

31st Mar. 1930 

1st Apr. 1930’ 

14th May 1930 

12th June 1930 



3rd Apr. 1930* 

4th Apr. 1930* 

19th Apr. 1930 

26th Apr. 1930* 

23rd June 1930 

12th Sep. 1930 

17th Oct. 1930 



3rd May 1930* 

15th May 1930’ 

25th May 1930 

23rd June 1930* 

23rd Aug. 1930 

18th Aug. 1930 



25th Sep. 1930 

17th Oct. 1930 

23rd Oct. 1930 

7th Nov. 1930 




10th Nov. 1930 

14th Nov. 1930 

17th Nov. 1930 

18th Nov. 1930 



i 

i 

i 

3rd Dec. 1930 

19th Dec. 1930 

22nd Dec. 1930 

23rd Dec. 1930 




25th Dec. 1930 

(24 oases) 

(one case) 

(8 cases) 

(54 cases) 
















Place or sounding. I Agba. I Poona and Hyderabad. 
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MEASUREMENTS OF THE RADIATION FROM THE SUN AND THE SKY 

AT POONA IN 1935.* 

BY 

P. K. Raman , B.A., M.Sc., 

Meteorological Assistant, Agricultural Meteorology Section, Meteorological Office, Poona. 

(Received 10th September 1937.) 

1. Introduction. 

The intensity of the radiation coming from the sun and from the sunlit sky is a factor 
of fundamental importance in meteorology and in bio-climatic phenomena. The subject 
has engaged the attention of many workers, e.g., Abbot, Fowle, Angstrom, Kimball, 
Gorczynski and others. 1 As a result of the pioneer investigations of the above workers 
standard instruments for the measurement of solar radiation are now available. It must 
be admitted, however, that long records of measurements are still confined to a few stations 
in Europe and North America. The desirability of conducting systematic investigations 
on this subject in a country like India can hardly be over-emphasized. In India work 
on solar radiation was commenced at Poona a few years ago. A summary of the results 
obtained during 1931 will be found in a recent Memoir of the India Meteorological Depart¬ 
ment by S. S. Kohli. 2 

A fairly comprehensive scheme of investigations for studying quantitatively how 
much energy is received from the sun and sky and how this energy is disposed of at the 
earth’s surface by physical processes like conduction, convection, radiation, and evapora¬ 
tion was drawn up towards the end of 1933. Actual work on some of the above problems 
was started at the Central Agricultural Meteorological Observatory at Poona in January 
1934. 

In the present paper we shall confine our attention to the problem of solar radiation 
and its hourly and seasonal variations at Poona. 

As the experimental observations were carried out at Poona a brief description of 
the city and its surroundings and of the general climate of the locality may be useful. 

2. Description of Poona and its surroundings. ! 

Poona (Lat. 18° 30' N., Long. 73° 53' E.) is situated near the western margin of the 
Deccan plateau at a height of 1,830 ft. above the mean sea level. The city, which is 
surrounded by numerous low hills at a distance, is situated at the confluence of the valleys 
of the two rivers Mutha and Mula. The positions of the Meteorological Office (black dot) 
and of the Agricultural Meteorological Observatory (shaded dot) are indicated in Fig. 1. 

The latter is situated centrally in the farm of the local Agricultural College. The 
situation and exposure of the observatory are ideal and very well suited for conducting 

* This investigation was carried out while the present writer was working as a research student in the Agricultural 

Meteorology Section (financed by the Imperial Council of Agricultural Research) at the Meteorological Office, Poona. 

t For a detailed description of this region please see “ The katabatic winds of Poona ” by S. Atmanathan, Ind. 
Met. Dev. Sci. Notes, Vol. IV, No. 40, (1931). 
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investigations on radiation, convection, etc., and on the meteorology of the air layers 
near the ground (see Fig. 2). 

The general features of the climate of Poona (and the Bombay Deccan) are brought 
out by the Table below which gives the normals of the various meteorological elements 
for Poona. 


Table 1.* 




Temperature (°F). 








Month. 

Mean 

daily 

max. 

Mean 

daily 

min. 

Range. 

Extreme 

max. 

Extreme 

min. 

Rel. 

humidity 

(%)• 

Vapour 

pressure 

(ins.). 

Cloud 
(tenths 
of sky). 

Rain 

(ins.). 

Number 
of rainy 
days. 

Wind 
(m. p. h.). 

Direction 
of wind. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Jan. 


86-1 

54*2 

31*9 

94*6 

42*5 

■ 61 

•333 

1-3 

006 

0-2 

4-5 

N58W 

Feb. 


900 

56*2 

34-4 

101*9 

38*8 

54 

•320 

0-9 

006 

0-1 

50 

N84W 

Mar. 


971 

62*8 

34*3 

109*1 

44*8 

46 

•349 

10 

006 

0*2 

6*1 

X86W 

Apr. 


1011 

08*9 

32*2 

109*6 

50*5 

43 

•421 

1-4 

0-57 

1*3 

7-6 

XS2W 

May 


99-7 

71*9 

27*8 

110*0 

57*3 

56 

•567 

2'2 

1-20 

1-8 

10-0 

N87W 

Jun. 


89-6 

72*6 

17*0 

106*5 

63*0 

73 

•701 

6-5 

4-77 

7-6 

11-2 

887 W 

Jul. 


82*8 

71*0 

11*8 

96*0 

66*3 

82 

•711 

80 

7-01 

12-3 

11-6 

880W 

Aug. 


81-7 

69*6 

12*1 

92*1 

62*9 

84 

•696 

7-6 

3-60 

9-0 

10-2 

S84W 

Sep. 


84-6 

68*6 

16*0 

960 

60*9 

82 

•684 

6-4 

4-84 

7-5 

7-9 

W 

Oct. 


891 

66*5 

22 0 

100*0 

52*3 

73 

•612 

3-6 

3-74 

5-2 

4-8 

X61W 

Nov. 


86-8 

59-4 

27*4 

06*5 

43*0 

03 

•444 

1-9 

0-98 

1-7 

4-5 

X23E 

Dec. 


84-7 

53*9 

30*8 

95*0 

42*5 

61 

•344 

1-5 

016 

0-5 

4-3 

N40E 


* Based on data recorded at Yeravda (Poona) from 1878-1920. 


This part of India occasionally receives thundershowers during the pre-monsoon and 
post-monsoon months. The south-west monsoon sets in in June and continues up to the 
middle of September. The monsoon season is characterised by over-cast skies, frequent 
drizzling, high south-westerly or westerly winds and small diurnal variation of tempera- 
ture. 

The dry season (November—April) is characterised by clear skies, feeble air move¬ 
ment, large diurnal range of temperature and of relative humidity and low water vapour 
content of the air layers near the ground. The climate is mainly of the “ dry continental 
type ” essentially controlled by insolation during day and radiative cooling during night. 

It is remarkable that, in the Bombay-Deccan, of which Poona is very fairly represent¬ 
ative, the clear season extends over six months of the year. This is due to the fact that 
this tract is more or less outside the influence of the north-east monsoon and of the western 
depressions which march across north India during the autumn, winter and spring months. 
This part of India should therefore be considered ideal for investigations on radiation 
during clear weather. 

After the withdrawal of the monsoon and the cessation of occasional thundershowers 
characteristic of September and part of October, the atmosphere over Poona begins to 
accumulate impurities like dust (raised by tralfic) and smokef (originating mainly from 
domestic fires). After sunset the haze begins to settle very rapidly owing to the radia¬ 
tive cooling and resulting stratification of the air layers. The haze layer is only a few 
metres thick during the night and has a sharp upper boundary. Soon after sunrise this 
layer comes under the influence of the convective turbulence due to insolation and is 

t Poona is not an industrial centre and the atmospheric pollution by smoke and waste gases must be regarded as 
slight when compared to that over cities like Calcutta, Bombay or Ahmedabad. But accumulation of road dust in the 
air layers very near to the ground is much more in Poona than in Bombay. 
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-dispersed very rapidly. These phenomena which are more or less of daily occurrence 
have been discussed in a recent paper.§ 

3. Actual and possible duration of sunshine at Poona. 

Before discussing in detail the actual measurements of solar radiation it will be useful 
to summarise the information regarding the actual and possible duration of sunshine at 
Poona. Table 2 gives the average number of hours in each month during which the sun 
is above the horizon, and the mean number of actual hours of bright sunshine per day 
as recorded by a Campbell-Stokes Universal Sunshine Recorder installed at the Agricul¬ 
tural Meteorological Observatory. The figures of actual sunshinef are the mean values 
during the period January 1933 to December 1935. In the fourth column the actual 
hours of bright sunshine are expressed as percentages of the possible hours of sunshine. 


Table 2. 


Month. 

1 

Hours of 
possible sunshine 
per day. 

2 

Hours of actual 
bright sunshine 
per day. 

3 

% of possible 
sunshine. 

4 

January .... 

li-i 

9-1 

8] 

February ..... 

11-5 

10-5 

91 

March ..... 

12-0 

10-5 

87 

April ...... 

12-6 

11-2 

89 

May -. 

13-0 

10-3 

79 

June ...... 

13-3 

6-4 

48 

July. 

13-1 • 

3-5 

26 

August. 

12-8 

3-6 

28 

.September ..... 

12-2 

5-6 

46 

October ..... 

11-7 

7-6 

65 

November ..... 

11-2 

9-3 

83 

December ...... 

..i '■ • ?/• § ** 

11-0 

8-8 

80 


The figures in Table 2 show that July and August are months of maximum cloudiness 
or minimum duration of bright sunshine, whereas October to May are months with more 
than 7-6 hours of bright sunshine, April having the largest number of sunshine hours. 


§ Ramclas, L. A. and Atmanathan, S.: Ind. Met . Dep. Sci. Notes, Vol. V, No. 54, (1933). 

t These figures are slight under-estimates because the sunshine recorder cards do not register any burn for a few 
•minutes after sunrise and before sunset respectively. 
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Considering the percentage duration of clear skies, February is the clearest month and 
July and August are the cloudiest months. 

4. Description of the Solarigraph. 

For the measurement of total radiation from the sun and sky, a Moll Solarigraph was 
installed at the Agricultural Meteorological Observatory in 1934. In this section, we 
shall summarise the data obtained with this instrument during the year 1935. 

The solarigraph (Fig. 3) consists of a sensitive thermopile and a recording milli- 
voltmeter (made by Messrs. Kipp and Zonen Delft). The instrument is of the Moll pattern 
as modified by Gorczynski. 3 The thermo-elements forming the rectangular solari-metrie 
pile are uniformly covered with a special lacquer. This thermopile is enclosed and her¬ 
metically sealed in a heavy brass cylinder with a pair of hemispherical covers of special 
flint glass. The plane of the thermopile is adjusted so as to pass through the centre of the 
hemispherical cover and it can be adjusted to exact horizontality by means of levelling 
screws. Td avoid condensation of moisture on the glass covers from inside, a drying 
chamber in which a desiccating substance like “ sorbsil ” can be kept, is provided at the 
base of the thermopile. The sorbsil should periodically be renewed. In spite of the 
best care, condensation of moisture did occur during spells of heavy rain during the south¬ 
west monsoon and some breaks in the records proved to be unavoidable. 

The thermopile is installed outside in a well exposed place with minimum of obstruc¬ 
tion to radiation from the sun and sky. The recording milli-voltmeter is kept inside a 
hut and connected to the thermopile by means of suitable leads. 

The drum of the recorder can be adjusted so as to complete one revolution in 13 
hours or in 26 hours as required. The value of one division of the scale in calories per 
cm 2 per minute, as stated by the makers is 0-0194 and the value of 1 sq. cm. area on the 
chart is 3-755 gr. cals, (per sq. cm. of area exposed to radiation per hour). The instru¬ 
ment was also calibrated periodically by estimating the change in the deflection on cutting 
out the direct radiation from the sun by means of a suitable circular screen. This change 
was compared with the measurements of the direct radiation from the sun with a Moll’s 
pyrheliometer (standardised with an Angstrom’s pyrheliometer). The direct radiation 
measured with the pyrheliometer when multiplied by the cosine of the zenith distance 
of the sun should be equal to the change in the solarigraph reading when the direct rays 
from the sun are cut off. The mean value of the constant of the instrument as obtained 
from these measurements was 0-0195 which agrees closely with the value given by the 
makers. 

Fig. 13a shows a typical record of the solarigraph on a clear day (27-4-1935). The 
area (in sq. cms.) enclosed between the zero line at the bottom and the record of radiation 
during one hour gives, when multiplied by the instrumental constant, the energy received 
during the hour in gramme calories per sq. cm. The measurement of the area for each 
hour was done by means of a planimeter. On intermittently cloudy days the points 
recorded by the instrument are widely scattered but, with care, reasonably accurate 
measurements can be made. 

The solarigraph was tested for lag by covering and exposing the receiver quickly. 
The milli-voltmeter responded almost instantaneously to such changes. The time 
required for the milli-voltmeter to come up to within 0-1 of a scale division of the final 




Table 3. 



Values of S-\-H (gm. cal/cm 2 ) per day on a horizontal surface received from sun 


Date. 

January 

February. 

March. 

April. 

Mny. 

June. 

July. 


S+H 

d 

S+H 

d 

S+H 

d 

S+H 

d 

S+H 

d 

S + H 

d 

S+H 

1 

531 

9-3 

616 

9-9 

690 

10-8 

754 

11-0 

760 

11-3 

792 

10-9 

399 

2 

539 

9-5 

614 

10-8 

703 

10-5 

778 

11*1 

780 

11*4 

817 

11*3 

343 

3 

548 

9-4 

603 

9-9 

703 

101 

774 

111 

807 

11-7 

757 

11*3 


4 

555 

9-5 

585 

10-3 

752 

10-8 

785 

111 

855 

11*9 

768 

101 


6 

525 

9-5 

605 

101 

747 

110 

775 

11-3 

846 

11-6 

770 

10-5 

396 

6 

543 

91 

615 

10-1 

713 

10-9 

788 

10-9 

838 

10-9 

707 

101 

322 

7 

528 

9-3 

627 

10-3 

742 

10-9 

751 

11-0 

764 

10*2 

494 

6-9 


8 

521 

9*3 

626 

10*4 

749 

10-8 

736 

10-8 

602 

8*7 


6-7 


9 

372 

5-0 

632 

10-5 

738 

11*0 

784 

11-4 

674 

10*1 


9*1 


10 

519 

7-7 

652 

10-5 

703 

10-9 

809 

11-5 

748 

10-4 


8-7 


11 

403 

6-8 

606 

9-9 

683 

10-7 

846 

11-6 

680 

9-9 

131 

7*7 


12 

558 

9-3 

450 

91 

753 

10-9 

809 

11*4 

802 

11-5 

701 

9*9 


13 

567 

9-5 

579 

100 

741 

10-9 

816 

11-6 

827 

11*7 

584 

7-7 

643 

14 

565 

9-6 

576 

9-9 

661 

10*7 

787 

11-6 

795 

11*4 

650 

9-1 

457 

15 

590 

9-7 

695 

10-5 

742 

10-7 

775 

11-5 

831 

11*3 

498 

5-9 

636 

16 

595 

9-8 

715 

10-7 

731 

10-7 

760 

11-5 

748 

10-3 

530 

6-5 

389 

17 

606 

9-9 

689 

10*7 

695 

10-5 

691 

10-3 

802 

11*2 


5-1 

386 

18 

555 

9-6 

682 

10-7 

678 

10-3 

790 

10-8 

812 

11*0 


3-9 


19 

493 

8*9 

665 

10-7 

772 

10-4 

738 

10*7 

789 

11*5 

277 

11 


20 

534 

9-1 

697 

10-7 

759 

10-7 

798 

11-6 

"611 

11*7 

383 

3*3 

116 

21 

525 

91 

672 

10-5 

749 

10-9 

816 

11-5 

810 

11*7 


7-3 


22 

491 

8-8 

684 

10-8 

714 

9-5 

820 

11-5 

793 

11-6 


7-3 


23 

546 

9-5 

695 

10-9 

671 

9-9 

812 

1M 

805 

11*6 


7*7 


24 

527 

9-5 

698 

10-9 

733 

101 

711 

9-9 

766 

110 


5-9 


25 

542 

9-5 

670 

10-5 

724 

9-9 

806 

11*5 

798 

11*2 


4-1 


26 

456 

8-8 

676 

10-7 

679 

8-4 

817 

11*7 

779 

10-9 


3*9 


27 

548 

9-9 

700 

10-6 

703 

10*5 

837 

11*5 

776 

11-1 


9-0 


28 

374 

4-0 

687 

10-7 

742 

10-9 

822 

11*8 

706 

10*3 

559 

7*0 


29 

274 

0-7 



770 

11-0 

747 

10*5 

745 

10*7 

496 

2-9 

185 

30 

418 

5-8 



794 

111 

779 

10-5 

728 

9*5 

445 

4*3 t 


31 

436 

7-7 



757 

10-9 



757 

9-5 





and sky and duration of bright sunshine (d) in hours (1936). 



August. 

September. 

October. 

November. 

December. 

d 

S+H 

d 

S+H 

d 

S+H 

d 

S+H 

d 

S+H 

d 

3*9 

469 



4*7 

476 

7-3 


6-8 


9-7 

1*5 

461 

1-7 


3*4 

261 

3*1 


8*8 


9-3 

4-3 

325 

0-2 

459 

4-3 

473 

6-7 


9-9 


9-6 

0-9 

507 

4-3 

593 

7-9 

454 

5-3 

622 

10-3 


9*7 

01 

435 

3*1 

477 

5*1 

501 

8-2 


10*3 


9*7 

0*9 


0-7 

533 

7*1 

464 

5-9 


10-3 


9-5 

5-9 


5-5 

405 

3*6 

595 

9*5 


9*6 


9*1 

5*2 


5-4 

364 

2*1 

644 

9-2 

.. 

9*5 


9*1 

0-8 


0-6 


0*1 

656 

101 

613 

10*1 


>0 

4-8 


4-9 


0 


101 

595 

10*2 


8-7 

1*5 


4-6 


0-9 


10-5 

555 

9*5 

675 

9-7 

9-6 

# * 

3-9 


4*1 


10-7 

611 

10*1 

510 

9-4 

8-3 


21 

318 

0*5 

647 

10*5 


9-9 

493 

8*7 

16-5 


4*9 

429 

4*4 

596 

10*3 


9*5 

401 

6-8 

7*8 


3-5 


1*3 

592 

10-4 


9-0 

462 

8-9 

0-6 


1*9 

302 

11 

563 

100 


8*8 

489 

8-9 

10 


2-5 

486 

7*1 

446 

7-6 


9-3 

524 

8*7 

0 


1*7 

664 

9*7 

461 

7-3 

603 

9-9 

369 

3-4 

0 


7-7 

617 

10-5 

451 

6-3 


9-7 

415 

7*2 

0 


7*5 

606 

8*6 

365 

41 


9-8 

473 

8*3 

01 


1*5 

644 

10-5 

327 

3-5 


9-9 

507 

9-5 

6-3 


6’9 

585 

7*1 

375 

3-7 


9-9 

519 

9-6 

2-2 


6-9 

690 

10*1 

391 

6-0 


9*7 

523 

9*5 

2-5 


3-1 


9-6 

423 

5-6 


9-8 

474 

8-4 

0*7 


2*9 

564 

6-9 

383 

3-0 


9-4 

517 

9*5 

0-3 


4-8 

465 

6-5 


6*3 


9-6 

478 

7*3 

7*1 


31 

669 

10*7 

362 

5*6 


7*9 

387 

6*5 

4-6 


2*9 

631 

9*9 


8-7 


9-7 

318 

6*7 

0 


5*8 

529 

9-5 


9-5 


9*5 

486 

9*3 

5-5 


6*9 

548 

8*5 

.. 

7-0 


9*6 

531 

9*5 

8-3 


2*3 


V 





493 

9-3 
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reading is up to 10 seconds. The records may therefore be relied upon to indicate the? 
fluctuations of radiation more or less faithfully. 

5. Mean daily radiation and hours of sunshine. 

Table 3 gives the total amount of radiation ( S-\-H ) received from the sun and the 
sky during each day of the year 1935. The figures are expressed in gramme calories 
per cm.- per day. The figures given in the adjacent columns refer to the duration of 
sunshine obtained from the cards of the sunshine recorder. The maximum amount of 
radiation (855 gr. cals.) during the year was recorded on the 4th May, a very clear day, 
and the minimum amount (116 gr. cals.) was recorded on the 20th July when the skies, 
were overcast with Nimbus and there was occasional rain and drizzle. 

The monthly means of the total daily radiation, the number of days for which records 
were available, the mean duration of sunshine, mean actual sunshine hours expressed as 
a percentage of the possible duration, are all given in Table 4 for the different months of 
the year. In the same table the highest and the lowest values of S-\-H, recorded during 
each month, and the ratio of these values are also given. For the sake of comparison 
the mean values of S-\-H on clear days alone and on overcast days are given separately 
along with the number of occasions of each type at the bottom of the table. 

Table 4. 


Mean values of S-\-H {gm. cal/cm 2 ) on average, cloudless and overcast days and extreme values.. 



Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Mean daily sum of Si-FI 

511 

644 

725 

784 

775 

565 

388 

439 

526 

474 

600 

473 

Number of days of observa¬ 
tions. 

31 

28 

31 

30 

31 

18 

11 

5 

22 

23 

8 

21 

Mean daily hours of sunshine . 

8-5 

10-4 

10-6 

11-2 

10-9 

7-2 

31 

3-7 

5-9 

7-3 

9-5 

8-7 

Mean daily % of possible sun¬ 
shine. 

76 

90 

88 

92 

84 

54 

24 

29 

48 

63 

85 

79 

Maximum daily total of S J r H 

606 

V 5 

794 

846 

855 

817 

643 

507 

690 

656 

622 

575 

Minimum value of S+H 

274 

450 

661 

691 

602 

131 

116 

325 

302 

261 

555 

318 

Katio (Maximum/minimum) . 

2-21 

1-69 

1-20 

1-22 

1-42 

6-20 

5-54 

1-56 

2-28 

2-51 

112 

1-80 

Mean of *S' -f H on clear days . 

558 

659 

734 

799 

798 

759 



691 

627 

600 

515 

Number of clear days . 

14 

24 

23 

ID 

20 

5 



1 

5 

8 

10 

Mean of S + // on overcast days 

375 





380 

319 

325 

360 

261 


372 

Number of overcast days 

4 


•• 



3 

5 

1 

3 

1 


4 


Fig. 4 shows the mean daily radiation income for the various months of the year. 
The highest and lowest values of S+H are also shown in the same diagram. The mean 
daily total radiation attains its maximum value in the month of April, May coming next 
in order. July shows the minimum value. 

Fig. 5 gives the annual march of the mean duration of clear sky during the day, the 
possible h ours of sunshine and the actual duration expressed as a percentage of the possible 
duration. The effect of cloudiness on the mean daily radiation income is clearly brought 
out by the curves in Figs. 4 and 5. 

The mean values of S-\-H on clear days alone during different months give an idea 
of the intensity of possible radiation in different seasons. April and May are seen to be 
the two months in which the possible radiation income is greatest and December shows 
the minimum possible radiation. No records with clear sky are available for the months 
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of July and August, but there is no doubt that the intensity of possible radiation in these 
months would be intermediate between those of June and September. 

Coming to the actual radiation income during completely overcast days information 
is available only for the months of January, June, July, August, September, October 
and December. Only days overcast with low clouds have been considered. The radia¬ 
tion income on such days ranges between 260 and 380 gr. cals. 

A comparison of the values of S+H for 1931 given by Kohli in table 10 of his paper 2 
with the values for 1935 as given in Table 4 of the present paper may be made at this stage. 
The mean daily values of S+H in different months in 1935 considering * all days ’ appears 
to be somewhat higher than the 1931 values. This difference may partly be due to the 
fact that 1935 was less cloudy than 1931, as is evident from a comparison of the number 
of clear days in each month during the two years concerned. The difference in the in¬ 
strumental equipments used should also be taken into consideration in this connection. 
The 1931 values were obtained with a Callender Pyranometer, whereas the 1935 values 
were obtained with a Moll thermopile and solarigraph. It appears to be worth-while 
to have simultaneous comparative observations with the two instruments for one year. 

6. Mean hourly variation of radiation from the sun and the shy (S+H) and the 
duration of clear sunshine ( d ) during different months of the year. 

The mean values of {S+H) and (d) during each hour of the day during different months 
of the year are given in Tables 5 and 6 respectively. The mean hourly variation of S+H 
is also shown in Figs. 6, 7, 8 and 9 for each month of the year. The information contamed 
in these different curves can be shown in a striking way by means of an isopleth diagram. 
This is done in Fig 10 where the lines of equal intensity or rate of radiation income ex¬ 
pressed in gr. cals, per sq. cm. per minute have been drawn. The march of the lines 
of equal intensity shows very strikingly the rapid waxing and waning of the intensity 
before and after the maximum radiation epoch which occurs at noon during all the months. 
The conditions at noon are particularly conspicuous during the months of April and May, 

Table 5. 


Mean monthly sum of S+H (gm. cal./cm. 2 hr.) received per hour. 


Hour 


0—7 

7 — 8 

8—9 

9—10 

10—11 

11—12 

12—13 

13—14 

14—15 

15—10 

10—17 

17—18 

18—19 

Month. 

January . 



3-5 

193 

37-7 

580 

70-8 

76-3 

73-6 

05-7 

50-7 

33-8 

17-5 

3-7 

February 



4-5 

22-1 

45*9 

66-5 

81-7 

88-3 

88-0 

83-5 

72-3 

520 

30-0 

8-3 

March 


01 

10*9 

31.1 

53-4 

73-1 

87-2 

92-6 

93-8 

88*5 

77-8 

00-8 

39-8 

10-0 

April 


4-2 

211 

42-8 

06-9 

83-9 

96-3 

100-0 

97-0 

89-0 

75*2 

50-8 

33*8 

15-0 

May 


7-3 

23-7 

45*9 

66-9 

83-4 

92-9 

90-4 

92-8 

87-0 

74-4 

50-1 

330 

15*4 

June 


4-5 

170 

35-9 

50-6 

67-7 

75-4 

75-4 

75-2 

00-4 

49*9 

34-4 

20-4 

71 

July 


2*5 

111 

24-7 

33-9 

45*7 

511 

51-9 

451 

47-3 

32-2 

25-0 

13-7 

41 

August . 


2-7 

8-9 

24-3 

33-9 

54-4 

500 

04-7 

54-9 

52-0 

43-1 

32-5 

14-0 

3-6 

September 


10 

13-4 

30-7 

50-2 

63*7 

70-6 

72-1 

71*5 

01-3 

42-9 

31-2 

14-0 

2*2 

October 


00 

10-2 

28-f> 

440 

590 

68-2 

73-7 

68-0 

50-7 

34*1 

20-0 

10-1 

M 

November 


0-4 

9-7 

22-7 

38-8 

51*6 

61-7 

63-1 

01-5 

540 

41*8 

30-0 

14-0 


December 



5*5 

19-4 

37-8 

54-9 

63-6 

07-0 

04-8 

50-0 

48-9 

34-0 

20-5 



c 
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Table 6. 


Mean hourly values of sunshine duration (d) in hrs.for 1935. 



Hour 


6—7 

7—8 

8—9 

9—10 

10—11 

11—12 

12—13 

13—14 

14—15 

15—16 

16—17 

17—18 

January 

Month. 



006 

0-89 

0-95 

0-97 

0-96 

0-93 

0-90 

0-86 

0-81 

0-61 


^February 



0-22 

0-98 

1-00 

1-00 

100 

0-99 

0-98 

0-98 

0 98 

0-98 

0-99 

0-28 

'March . 



0-35 

100 

1-00 

1-00 

1-00 

100 

1-00 

1-00 

0-96 

0-98 

094 

0-33 

April . 



0*06 

1-00 

1-00 

1-00 

1-00 

1-00 

1-00 

0^9 

0-98 

>96 

096 

063 

May . 



0-57 

0-97 

0-99 

0-99 

1-00 

0-98 

0-97 

0-96 

0-99 

0-99 

0-93 

0‘59 

June . 



009 

0-52 

0-61 

0-71 

0-76 

0-78 

0-81 

0-82 

0-70 

0-65 

0-56 

017 

July . 




019 

0-33 

0-32 

0-39 

0-40 

0-35 

0-32 

0-32 

0-32 

017 

002 

August 



002 

0-17 

0-32 

0-43 

0-44 

0-48 

0-38 

0-42 

0-43 

0-33 

019 

006 

.September 



006 

0-45 

0-52 

0*68 

0-65 

0-67 

063 

0-61 

0-54 

0-46 

0-36 

0-15 

* October 



003 

0-50 

0-72 

0-78 

0-85 

0-89 

0-88 

0-87 

0-70 

0-52 

0*45 

014 

November 




0-72 

0-98 

100 

1-00 

0-99 

0-99 

0-99 

0-97 

0-93 

0-86 

0-11 

December 




0-52 

0*91 

0-96 

0-98 

0-98 

0-98 

0-96 

0-91 

0-83 

0-64 



which represent a centre of maximum radiation income. During the monsoon months 

the epoch of maximum radiation is not so pronounced; after the monsoon a centre of 
high develops again in September-October. This figure may now be compared with the 
isopleths of mean hourly air temperatures (taken from Ind. Met. Memoirs Vol. XI) shown 
in Fig. 11. At a station like Poona, where insolation is a predominant factor in deter¬ 
mining the climate of the air layers near the ground during more than half the year, it 
is not surprising that these two figures should show a striking similarity in detail. The 
two centres of high temperatures in the afternoon correspond to the two centres of radia¬ 
tion intensity at midday in the earlier diagram, but are shifted to the right by about two 
hours. This lag of the maximum temperature epoch behind the epoch of maximum 
insolation is well known as being due to the time required for the conduction of the maxi¬ 
mum temperature phase to a level higher than the ground. The portions of Fig. 11 
before sunrise and after sunset are conditioned by radiative processes in the infra-red end 
of the spectrum. 

From Table 6 which gives the mean hourly variation of the duration of bright sunshine 
during different months of the year we note that, as already seen from Table 4 , the period 
November to May is characterised by more or less unbroken sunshine. During the months 
of June, September and October the skies are partially clouded in the afternoon. 

Angstrom 4 and Kimball 5 after detailed examination of the data available to them 
have indicated that the total radiation income Qs may be expressed as a linear function 
of the duration of sunshine d (expressed as a fraction of N, the possible hours of sunshine), 
as follows:— 

Q,=Q 0 (m+n S) 

where ; Qo is the total radiation income on a perfectly clear day; rn and n are 


^constants. 
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Utilising the daily totals of radiation and of S given in Table 3 we may express the 
results for Poona in the form of a dot diagram (see Fig. 12). The line of best fit is a 
straight line having the equation 

Q»—Qo (-S7+-68 S) 

Table 7 gives the mean hourly radiation income on a typically clear day during each 
month of the year. The values for July and August are not entered as no records for 
clear days are available for these months. This table illustrates the manner in which 
the radiation income on days uninfluenced by cloudiness changes with the seasons. 


<SL 


7. Effect of cloudiness on radiation arriving at the earth’s surface. 

In this section we shall discuss the influence on S-\-H of cloud kind on a few selected 
days during 1935. In Table 8 are given the radiation income during the day, and in 
Table 9 the kind and amount of cloud at 6 hrs., 8-9 hrs., 12-14 hrs., and 16-17 hrs., the 
total duration of bright sunshine and finally the general weather remarks, if any, on 
these days. A descriptive account of the conditions on these dates is given in the 
Appendix. 

From Tables 8 and 9 and the Appendix it is clear that low clouds covering the whole 
sky cut down the radiation income by about 40% or more while high clouds affect the 
radiation income only to a much smaller extent. This is because the direct radiation 
from the sun which is lost by the masking effect of high clouds is compensated by the 
increased scattering of the light towards the ground by the cloud layer. 


Table 7. 

Intensity of S+H gm. cal./cm. 2 hr. on typical clear days arranged according to time. 


Hour . 

• 

6—7 

7—8 

8—9 

9—10 

10—11 

11—12 

12—13 

13—14 

14—15 

15—16 

16—17 

17—18 

18—19 

Total. 

Date. 

Jan. 16 . 



5*2. 

22-9 

42*7 

60-7 

74-6 

84-0 

84-3 

80-3 

64-1 

42-7 

26-6 

5-6 

594-8 

Feb. 16 . 



6-0 

28-8 

54-4 

73-5 

88-1 

960 

960 

89-6 

76-5 

58-5 

36-0 

10-1 

714-6 

Mar. 19 . 



13-9 

33-7 

57-7 

78-4 

91-1 

98-6 

98*6 

94-1 

83-6 

61-5 

41-6 

18-0 

772-0 

Apr. 11 . 


4-1 

23-3 

461 

701 

87-7 

99-4 

105-0 

101-6 

94-5 

83-6 

66-0 

42-4 

20-6 

845-6 

May 13 . 


8-3 

25-1 

450 

67-9 

84-7 

930 

97-9 

97-9 

92»6 

83-2 

65-6 

41*6 

22-9 

827-2 

Jun. 4 


8-3 

25-9 

46-9 

68-6 

84-7 

94-9 

990 

95-6 

87-0 

72-0 

49-1 

251 

9-4 

767-5 

Sep. 23 . 


2-6 

17-3 

31-9 

61-9 

81-4 

930 

98-3 

95-3 

72-4 

67-5 

45-7 

21-0 

1-9 

690-5- 

Oct, 13 . 



12-4 

360 

54-4 

75-7 

85-9 

87-4 

83-3 

75-7 

63-0 

46-5 

23-3 

2-9 

647-4 

Nov. 12 . 


0-4 

12-7 

29-6 

52-1 

67-5 

82-9 

84-4 

82-1 

72-4 

59-3 

42-7 

23-2 


610-6 

Dec. 17 . 



6-4 

22*1 

39*7 

58-5 

660 

68-6 

67-9 

64-5 

58-5 

43-9 

28-9 

•• 

524-2 


c 2 
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Table 8. 


Hourly intensity of Solar Radiation (S+H) on overcast days. 


Hour 

6—7 

7—8 

8—9 

9—10 

10—11 

11—12 

12—13 

13—14 

14—15 

15—16 

16—17 

17—18 

18—19 

Daily 

total. 

Hours 

of sun¬ 
shine. 

Date. 
Jan.28 



1-5 

21-4 

31-5 

511 

61-9 

55-9 

40-9 

32-7 

31-5 

27-4 

15-0 

2-6 

373 6 

4-0 

29 * 



1-9 

120 

24-4 

36-8 

40-9 

43-2 

27-8 

31-5 

27-8 

19-5 

7-5 

0-4 

273-7 

0-7 

30 



11 

11-6 

29-7 

49-2 

601 

65-7 

68-3 

58-6 

40-9 

21-4 

10-1 

11 

417-9 

5-8 

Mar. 18 



101 

300 

57-8 

65-3 

905 

89-7 

87-9 

86-7 

61-6 

451 

35-3 

4-1 

677-8 

10-3 

Apr. 12 


2-2 

16-9 

40-5 

690 

84-4 

96-4 

1050 

102-4 

93-7 

810 

60-0 

37-9 

18-4 

808-8 

11-4 

May 28 


8-6 

26-3 

46-9 

66-7 

83-2 

93-4 

96-4 

01-9 

75-0 

56-3 

46-9 

24-4 

8-3 

705-8 

10-3 

Jun. 19 


2-2 

71 

15-4 

22-9 

22-5 

31-9 

31-9 

34-5 

36-4 

38-3 

191 

120 

3-0 

277-5 

1-2 

20 




1*9 

5-6 

36-4 

48-4 

50-3 

51-7 

32-3 

68-6 

58-1 

28-5 

11-6 

382-6 

3-3 

29 


3-4 

150 

30-4 

47-6 

62-3 

73-9 

56-3 

611 

61-9 

33-0 

311 

16-9 

3-4 

496-4 

2-9 

Jul. 6 


2-2 

9-4 

29-3 

33-7 

52-9 

45-4 

44-3 

31-5 

30-7 

131 

21-7 

7-5 


395-8 

0-9 

20 



2-G 

60 

7-9 

12-4 

11-3 

14-6 

12-0 

14-3 

120 

9-7 

8-6 

3-7 

115-7 

0-0 

29 



5-3 

16-9 

19-9 

13-9 

22*5 

30-4 

16-9 

9-7 

13-9 

18-4 

9-7 

60 

183-6 

0-0 

Aug. 3 



5-3 

120 

330 

450 

46-5 

440 

37-9 

37-5 

25-5 

21-7 

13-1 

20 

325-2 

0-2 

Sep. 13 



2*2 

10-9 

270 

34-9 

51-0 

54-7 

40-5 

39-4 

34-9 

14-3 

6-0 

1-9 

318-0 

0-5 

16 


2-2 

7-5 

81-0 

26-3 

39-4 

47-9 

540 

39-4 

24-4 

18-7 

15-4 

4-9 


302-3 

1-1 

Oct, 2 




11 

15-7 

40-5 

77-3 

690 

60-7 

38-6 

20-6 

3-7 

2-2 

0-7 

261-3 

3-1 

Dec. 18 



71 

8-3 

24-4 

421 

53-3 

57 1 

48-3 

47-7 

36-4 

25-9 

180 


368-7 

3-4 

19 



2-2 

13-9 

34-2 

46-9 

57-5 

57*5 

66-8 

56-7 

30-8 

28-5 

19-9 


414-9 

7-2 

27 



41 

14-3 

40-5 

55-6 

60-5 

66-5 

62-7 

53 3 

20-7 

6-0 

30 


387-1 

6 6 


Table 9. 


Amount and kind of cloud on typical cloudy days. 







Kain in inches (recorded at 

Hour 

6 

8—9 

12—14 

16—17 

8 A.M. next day) and 
remarks. 

Date. 






Jan. 28 

SK, C, 

s 4 sk 4 as. 

SK, K, 

SK, Iv, 


29 

cs 10 

SK, S, 

SK 7 AS, 

SK, S, 


30 

sk, AS, c 

SK, AS, 

K, S, AS, CK, 

AS, S, K, 


Mar. 18 

c, cs. 

C, CK, AK X CS, 

CS, C, 

CS, AK, c. 


Apr. 12 

C, 

C„ 

^8 

C, 0 


May 28 

CS, c. 

CS, c, 

c, cs, 

cs, c. 


Jun.19 

sk 5 k 4 

N, AK, 

SK, 0 

S 7 AS, 


20 

CK, AK, SK, 

S 7 N, AK, 

sk 7 k, 

K, AS, S, 


29 

Sio 

SK, S, 

SK, K, 

AK, SK, 


Jul. 6 

n, kn, 

S 4 SK, 

N, SK, 

S, SIv, 

0-14 from 12-30 hrs. to 15-30 
lira. 

20 

ak 4 s. 

N„ 

S 7 KN, N 

N, 0 

0-75 (throughout raining). 

29 

S, K, AK, 

S, SK, 

N, S, 

SK, AS, 

2-10 (dirzzle or rain from 10 00 
lirs. onwards). 

Aug. 3 

Sio 

SK, K, S, 

SK J0 

SK 6 AK, 

0-02 (sharp drizzle at 12-30 
hrs.). 

Sep. 13 • • 

s« 

S, AS, 

AS, S T 

S, SK, AS, 

16 

SK, S 4 

S, SK, AK, 

N, SK, 


2-80 (heavy rain from 13-00 
hrs. to 0130 hrs. at night). 

Oct. 2 

s. 

N, 8, 

SK, AK, CS, 

SK, K, AS, 


Dec. 18 

cs. 

CS, 0 

c, CS, 

CS, c. 


19 

cs. 

CS, c, 

c, cs, 

cs, c. 


27 

SK a CS, 

SK, K, AK, CS, CK, 

K, C, CS, 

KN, SK, K, 
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Table 10. 


Date. 

Cloud kind on 
overcast days. 

S-{-H in gm. cal./ 
sq. cm. 2 min. 

Percentage of 
S-\-H to mean of 
S+H on clear days 
of the month. 

27th April 1935 . 

Clear 

837 

., 

12th April 1925 . 

Cirrus 

809 

.. 

28th May 1935 . 

C and CS 

706 

89 

18th March 1935 . 

C and CS 

678 

92 

19th December 1935 . 

CS thick . 

415 

80 

18th December 1935 ..... 

CS thick . 

369 

72 

28th January 1935 . 

SK and K 

374 

67 

30th January 1935 ..... 

SK and K 

417 

74 

27th December 1935 ..... 

SK and K 

387 

75 

29th June 1935 ...... 

SK and K 

496 

66 

20th June 1935 ...... 

SK and K 

383 

5] 

13th September 1935 ..... 

AS 

318 

46 

19th June 1935 ...... 

SK low . 

325 

43 

2nd October 1935 . 

SK low . 

261 

42 

16th September 1935 . 

N and SK 

302 

44 

6th July 1935 ...... 

N and SK 

396 

52 

29th July 1935 ...... 

Nimbus . 

185 

25 

20th July 1935 . 

Nimbo-stratus 
and drizzle. 

116 

15 


There are some special occasions when the solarigraph receives (1) the direct radia¬ 
tion from the sun. (2) the diffuse radiation from patches of the blue sky and (3) the bright 
radiation reflected by patches of white cumulus clouds. At such moments the intensity 
of radiation exceeds the normal intensity corresponding to clear sky. Figs. 13d and 13e 
show the records of the solarigraph on two days of this type (28-6-35 and 5-8-35). The 
former date (Fig. 13d) is a particularly good example of this phenomenon. Such excess 
of radiation on partially clouded days has also been noticed by previous workers. 

The solarigraph record of the 5th August (Fig. 13e) is interesting from another point 
of view as well, viz., the periodicity in the clouding and clearing. One could observe on 
this date the periodical formation and melting away of cumulus, strato-cumulus and alto¬ 
cumulus clouds at fairly regular intervals. The epochs of maximum cloudiness were also 
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characterised by sudden drizzles. Kimball® refers to such phenomena as due to waves 
in the atmosphere occurring at intervals of about two hours. 

Fiq. 13b shows the solarigraph record on 16th May 1935, when the slues were clouded 
in the'forenoon with alto-cumulus, changing to fracto-cumulus. The afternoon was 
practically clear excepting for a speck of cumulus which depressed the reading on the chart 
momentarily at about 16*45 hrs. 

Fig 13c is an example of a day with afternoon cloudiness (19th January 1935). On 
this date cumulus clouds developed in the afternoon and by the evening the skies were 
practically overcast with cumulus and alto-cumulus. 

Lastly Fig. 13f gives another example (11th January 1935) of afternoon clouding 
with cumulo-nimbus and rain. 

In Fig. 13g~j are given solarigraph charts lor four days when the sky was overcast 
throughout the day with (a) cirrus and cirro-stratus (b) initially with cirro-stratus after¬ 
wards changing into strato-cumulus and stratus, (c) low clouds with drizzle and (d) nimbus 
with rain throughout. 

In Table 10 are summarised the information of radiation intensity received on a 
few days in 1935 when the sky was completely covered with various types of clouds.. 
It is evident from this table that a covering of cirrus clouds does not affect materially 
the total radiation received on a horizontal surface, what is lost in the direct radiation 
from the sun being made up by the increased diffuse radiation from the white cirrus 
clouds. A sheet of cirro-stratus decreases the total radiation by about 10% whereas 
a thick cirro-stratus diminishes the income by as much as 20%. 

Medium clouds cut off much more of the incoming radiation. The ratio of the radia¬ 
tion reaching the surface of the ground on a day overcast with medium clouds to that of 
a clear day of the same month varies between 40 % and 70%. 

In the case of low clouds the direct solar radiation is completely cut off and what 
we register at the surface is only the diffuse radiation from the cloud layer. Whereas with 
clear sky the diffuse radiation from the sky alone is as much as 20 to 25% of the total 
radiation, on days with very low clouds as in the monsoon months the ratio of the radia¬ 
tion reaching the surface of the ground on a day to that of a clear day of the same month 
varies between 15 to 25%. 

In conclusion the author wishes to express his thanks to the Director General of 
Observatories for allowing him to work in the Meteorological Office. His grateful thanks 
are due to Dr. L. A. Ramdas, M.A., Ph.D. for his helpful encouragement and guidance 
throughout this investigation. 
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APPENDIX. 


Description of the state of the shy, radiation income and weather on selected cloudy 

* days in 1935. 

28- 1-35. The clouds on this date were mostly of the stratus and cumulus type, amounts varying 
from 5 in the morning to 10 towards the evening. The duration of the intermittent sunshine which 
could cause a hum in the sunshine recorder aggregated to 4 hours, and the total radiation received 
during the day was about 374 gr. cals, (mean value for clear day being 558). 

29- 1-35. The skies were practically overcast on this date with cirro-stratus changing to strato- 
cumulus and stratus during the course of the day ; the duration of sunshine was only 0-7 hour. Fig. 
13h shows the record of the solarigraph on this date. The total radiation received was 274 gr. cals, 
.(mean value for a clear day being 558). 

30- 1-35. The sunshine on this day was obscured by clouds mainly of the strato-cumulus and stratus 
type covering the whole sky. The duration of sunshine of sufficient strength to cause a burn in the 
sunshine recorder was 5-8 hours and the total amount of radiation received during the day was 418 gr. 
cals, (mean for clear day being 558). 

°8-3-35 The clouds were high on this date and consisted mostly of cirrus and cirro-stratus cover¬ 
ing practically the whole sky. It is noteworthy that the sunshine passing through these high clouds 
did not undergo any serious loss of intensity, the duration of sunshine as recorded by the sunshine re¬ 
corder was as high as 10-3 hours, and the total radiation income during the day was 678 gr. cals, (mean 
for clear day being 734). 

12-4-35- On this date again the skies were overcast with cirrus clouds and the sunshine passing 
throueh the clouds caused a burn in the sunshine recorder for 11-4 hours, the total radiation income 
being as high as 809 gr. cals, (mean for a clear day being 799, note the excess due to increased diffuse 

.radiation from the sky). 

28- 5-35. The skies became overcast with cirrus or cirro-stratus by about 8 a.m. The duration of 
sunshine recorded was 10-3 hours on this date and the total radiation income was 706 gr. cals, (mean 
for clear day being 798). Fig. 13g shows the solarigraph record on this day. 

19- 6-35 On this date the skies were practically overcast with low clouds mainly of the strato- 
cumulus or stratus type and there was occasional drizzling. The duration of sunshine was as low as 

1- 2 hours and the radiation income 277 gr. cals, (mean for clear day being 759). 

20- 6-35 Skies became rapidly overcast with low clouds mainly of the stratus and cumulus type 
with a sprinkling of alto-cumulus or alto-stratus. The duration of sunshine was 3-3 hours and the 
total radiation income 383 gr. cals, (mean for clear day being 759). 

29- 6-35 Skies were mainly overcast with stratus and cumulus, the duration of sunshine being 

2- 9 hours and the radiation received during the day was 496 gr. cals, (mean for clear day being 759). 

6-7-35 Skies were overcast with low clouds (nimbus, cumulo-nimbus, and occasionally strato- 
cumulus or stratus) and there was rain between 12-30 and 15-30 and drizzle afterwards (0-14"). Dura¬ 
tion of sunshine was only 0-9 hour and the radiation income 396 gr. cals. 

20-7-35 and 29-7-35. On these dates the skies were completely overcast with low clouds and there 
was rainfall of 0-75" and 2-1" respectively. There was no sunshine and the total radiation income was 
116 and 184 gr. cals, respectively. (See Fig. 13 i and j). The income on the 20th was the lowest record¬ 
ed for the year. 

3 8-35 The skies were overcast mainly with stratus and strato-cumulus and there was a sharp 
drizzle at 12-30 hrs. (two cents). The duration of sunshine was 0-2 hour and the radiation income 325 

gr. cals. 
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13-9-35. The skies were covered with stratus or alto-stratus mainly but the weather was dry and 
the duration of sunshine 0*5 hour. The radiation income was 318 gr, cals, (mean for clear day being 
691). 

16-9-35. On this date the skies were overcast with low clouds of stratus type developing into 
cumulus in the afternoon. Heavy rain started at 1 p.m. and continued through the night, the total 
amount of rainfall being as high as 2*8". The duration of sunshine was Vl hour and the radiation in¬ 
come 302 gr. cals, (mean for clear day being 691). 

2-10-35. This was an overcast day with stratus clouds, developing into cumuliform type in the 
afternoon, but the weather *was dry and the duration of sunshine 3*1 hours. The radiation income* 
was 261 gr. cals, (mean for clear day being 627). 

18-12-35 and 19-12-35. On these dates the skies were mainly overcast with high clouds, viz., cirrus 
and cirro-stratus and the durations of sunshine which could affect the sunshine recorder charts were 
3*4 and 7*2 hours respectively. The radiation income was 369 gr. cals, on the 18th and 415 gr. cals, 
on the 19th (mean for a clear day being 515). 

27-12-35. The cloudiness oh this date was rather complex, numerous types of high, low and medium 
clouds being present. The duration of sunshine was 6*5 hours and the radiation income 387 gr. cals., 
(mean for clear day being 515). 


MGIPC—M—VIII*3-202—24-8-38—610.. 
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Fig. 3 (b). Recorder. 
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ISOPLETHS or SOLAR * SKY RADIATION (6 r. CAL8.|Cm? |Min.) 
SHOWING HOURLY VARIATION in DIFFERENT MONTHS. 


FIG.IO. 



ISOPLETHS of AIR TEMPERATURE at POONA m°F SHOWING DIURNAL VARIATION 

IN DIFFERENT MONTHS. 

FIG.II. 

















































































































RATIO OF ACTUAL TO POSSIBLE HOURS OF SUNSHINE DURING DAY 


<SL 



RATIO OF ACTUAL TO POSSIBLE TOTAL RADIATION FROM SUN 

AND SKY DURING DAY. 

FIG. 12. 
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Fig. 13. 
































































































































































































































































































































































































































































































































































































CONTENTS. 


!. Introduction. ' 

2 . Prevailing upper air currents over south and east Bengal. 

3 . Temperature and pressure over Jhikargacha • • • • . 

4. Individual ascents with clown balloon meteorographs. 

5. Individual ascents with Dines meteorographs. * * 

Appendix A.—Pressures, temperatures and humidities obtained from sounding balloon ascents at Jhikargacha in 

April and May 1929 ...* 

Appendix B.—Pressures, dry bulb and wet bulb temperatures obtained from clown balloon ascents at Jhikargac ia 

in April and May 1929 ■ •••••*• . 

Appendix C.—Notes on weather.* . 


Page. 

165 

166 
166 
171 
173 

180 

182 

185 











<SL 

Corrigenda to Memoirs of the India Meteorological Departments Volume 26, Part 9. 

Page 172, line 8 (exclusive of table): 

For time of effect read time of maximum effect. 

Plate III, legends of Pigs. 11 and 12 : 

For from clown balloon ascents read from sounding balloon ascents. 

Plate V, legend of Fig. 20 : 

For from sounding balloon ascents read from clown balloon and sounding balloon ascents. 


551. 506. 7 : 551. 515. 4 (54M). 

DISCUSSION OF RESULTS OF SOUNDINGS OF TEMPERATURE AND 
HUMIDITY AT JHIKARGACHA (BENGAL) IN APRIL AND MAY 1929 

BY 

G . Chatterjee 

AND 

N. K. Sur. 

(Received 24th September 1937.) 

nummary .—The mean monthly dry and wet bulb temperatures in the upper levels of the atmosphere up to 2>5 km over 
Jhikargacha in the morning and afternoon in April and May 1929 obtained from clown balloon meteorographs are tabulated 
and the general features discussed. The upper air temperatures in the afternoon, obtained from Dines meteorographs, are 
compared with the corresponding normal values for Agra and Poona. These data are discussed with reference to latent 
instability in the atmosphere over these regions. 

A typical atmospheric condition in this season in lower Bengal is an inversion of temperature in the morning between 0-5 
and 1*5 km above the surface, generally with latent instability in the atmosphere above. This inversion may persist in the 
afternoon, but often it is wiped out, leading to Nor’westers which occur frequently in the afternoon of this season in Bengal, 
The existence of latent instability is found to be a necessary though not a sufficient condition for the occurrence of thunderstorms 
in Bengal in these months. 

The causes of the cooling of the layers of air on the ground and immediately above it after a thunderstorm have also been 
discussed with reference to the available data. In the majority of cases the cooling can only be attributed to the cold air descend¬ 
ing from the upper levels of the region of the thunderstorm itself. 

Some data obtained at Jhikargacha indicate that the flow of a colder mass of air undercutting the originally existing mass 
of latently unstable air in lower Bengal can start a thunderstorm. From the available data it appears that the places of origin 
of such a colder mass of air were only the neighbouring regions of thunderstorm. These data are insufficient to investigate 
the other phenomena that can act as triggers for the outbreak of a thunderstorm in Bengal. 

1. Introduction. 

The data discussed in the following pages were collected at Jhikargacha (Lat. 23° 
06'N, Long. 89° 08'E) in the district of Jessore in Bengal during April and May 1929 by 
one* of the authors to get some information regarding the genesis of Nor’westers 1 which 
are of common occurrence in Bengal during the premonsoon season. The work 
was rendered possible by a sanction from the India Meteorological Department deputing 
Mr. Chatterjee with three observers** and a balloon maker to the place. All equipment 
for the expedition was obtained from the Upper Air Observatory, Agra. 

In addition to the instruments for observation of the usual meteorological elements, 
the station was provided with a dry thermograph, a dry and wet bulb thermograph, and 
a barograph. Observations of the upper winds were made by pilot balloons in the morning, 
between 0600-0800 hrs I. S. T., and in the afternoon, between 1400-1600 hrs I. S. T. 
Soundings of the lower layers of the upper atmosphere, generally up to 2 km, with meteoro- 
graphs“ devised and constructed at the Agra observatory and let off with clown balloons, 
gave the values of dry and wet bulb temperatures only at different levels. Dines type 
of meteorographs were also let off in the afternoon. Data from Dines meteorographs 
with times of ascent are given in Appendix A , from clown balloon meteorographs in 


* G. Chatterjee. 

** Messrs, S. C. Chakriwarty, G. C. Chakravarty and N. C. Mukerjee. 
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Appendix B, and notes on weather for different days in April and May 1929 in Appendix 

C. 

2. Prevailing upper air currents over south and east Bengal. 

To understand the significance of the distribution of temperature and humidity in the 
upper air in April and May over south Bengal, it is necessary to have an idea of the general 
circulation of air in these levels. 

In the following table the predominant directions of flow, up to 8 km over Calcutta, 
Lat. 22° 32'N, Long. 88° 24'E, are given. Jhikargacha is about 60 miles from Calcutta 
in the ENE direction, and the upper winds over it are expected to have the same features 
as those over Calcutta. For comparison, winds over Dacca, Lat. 23° 37 N, Long. 90 
32'E and about 150 miles from Calcutta in the northeasterly direction, are also given. 


— 

0-5 km 
above 
surface. 

1 km 

2 km 

3 km 

4 km 

6 km 

8 km 

Calcutta. 

April . 

May 

S and SW 

S and SW 

SW and W 

SW and W 
(Occasionally 

S) 

W and NW 

W and NW 
(Occasionally 
N and, SW) 

W and NW 

N, NW and 
W 

W and NW 

NW and W 

NW and W 

NW, W and 
SW 

W and NW 

W and SW 

Dacca. 

April . 

May . 

S and SW 

S and SW 
(Occasionally 
SE) 

SW and W 

S and SW 
(Occasionally 
W) 

W 

(Occasionally 
NW and SW) 
W and SW 
(Occasionally 
NW) 

W and NW 

N, NW and 
W 

NW and W 

NW and W 

W and SW 

W and NE 

W 


The southwesterly current enters lower Bengal after having flown over a part of the Bay of 

Bengal and the westerly or northwesterly is from the northwest regions of India. 


3. Temperature and pressure over Jhikargacha. 

The mean values of dry and wet bulb temperatures in the lower layers of the upper 
air up to 2 km over Jhikargacha in April and May 1929 as obtained from the clown balloon 
meteorographs along with the computed values of pressure are given in Tables 1-4. The 
range of time within which the ascents were made is shown in brackets and the mean 
time of ascents is also given. No correction has been applied for diurnal variation of 


pressure. 


Table 1.—April 1929. Morning. 


Mean time 0630 hrs I. S. T. (Range 0500-0830 hrs I. S. T.) 


Height in kms above 

0 

0-2 

0-5 

0-8 

10 

1-5 

1-8 

2-0 

ground. 








D, B. (°C) . . < i" 

24-9 

24-8 

26-5 

25-8 

25-2 

22-5 

20-6 

18-7 

W. B. (°C) .... 

23*7 

23-4 

20-7 

18-2 

16-4 

13-0 

11-7 

11-9 

N . 

6 

6 

6 

6 

6 

6 

6 

3 

Press (mb) , • i 

1007-5 

984 

952 

920 

897 

848 

820 

801 

.. 

6 

6 

6 

6 

6 

6 

5 

3 


^=number of observations, 
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Table 2. —April 1929. Afternoon. 

Mean time 1640 hrs I. S. T. (Range 1500-1830 hrs I. S. T.) 


Height in kms 
above ground. 

0 

0-2 

0-5 

0-8 

10 

1-5 

1-8 

20 

2*2 

D. B. (°C) . 

300 

29-4 

27-0 

24-7 

23-4 

19-9 

18-5 

17-8 

17-2 

W. B. (°C) . 

23-2 

22-4 

21-3 

18-6 

17-3 

150 

12 8 

11-0 

9-8 

N . 

6 

6 

6 

6 

6 

5 

2 

2 

2 

Press (mb.) 

1005 

983 

950 

918 

897 

847 

818 

801 

783 

N . 

6 

6 

6 

6 

6 

5 

3 

2 

2 


Table 3. —May 1929. Morning. 

Mean time 0600 hrs I. S. T. (Range 0500-0826 hrs I. S. T.) 


Height in kms 
above ground. 

0 

0*2 

0-5 

0-8 

10 

1*5 

1*8 

2-0 

2-5 

D. B. (°C) . 

27-5 

27-2 

26*1 

25-8 

25-9 

24-6 

22-6 

21-2 

17-7 

W. B. (°C) . 

25*6 

25-9 

24-6 

21*2 

191 

15-8 

12*7 

11-9 

10-5 

N . 

10 

10 

10 

10 

10 

9 

9 

8 

6 

Press (mb) . 

1003 

981 

948 

916 

895 

846 

817 

798 

749 

N . 

10 

10 

10 

10 

10 

10 

9 

9 

6 


Jtf=numbpr of observations. 


Table 4.— May 1929. Afternoon. 

Mean time 1715 hrs I. S. T. (Range 1645-1740 hrs I. S. T.) 


Height in kms 
above ground. 

0 

0-2 

Q-5 

0-8 

1-0 

1-5 

1-8 

2-0 

2-5 

D. B. (°C) . 

330 

,32-5 

30-2 

28-0 

26-5 

23-8 

21-1 

19-7 

16-8 

W. B. (°C) . 

27-0 

25-9 

24*7 

23-4 

22-3 

18-4 

17-2 

16-2 

11 7 

N . 

L6 

6 

6 

6 

6 

5 

4 

3 

2 

Press (mb) . 

998-5 

976-5 

944 

912 

892 

843 

814 

796 

748 

N . 

6 

6 

6 

6 

6 

5 

4 

3 

2 


N=number of observations. 


For convenience of reference, the values of dry and wet bulb temperatures for levels 
in geodynamic kilometres are noted in Table 5. The mean times of ascent, the ranges of 
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time and the number of observations are the same as in the corresponding tables given 
above. 

Table 5. 


Height (gkms) 

Surface 
(•008 gkm) 

0-2 

0-5 

0-8 

10 

1-5 

1-8 

2-0 

2 -2 

2-5 

April. 

Morning. 











D. B. (°C) . 

24-9 

24-8 

26-5 

25*8 

25*1 

22-4 

20*3 

18-4 

•• 

•• 

W. B. (°C) . 

23-7 

23-4 

20*9 

181 

16-3 

12-9 

11*7 

12*0 



Press (mb.). 

1007*5 

984 

951 

918 

895 

845 

817 

798 

•• 

•• 

Afternoon. 











D. B. (°C) . 

30*0 

29-4 

27-0 

24-7 

23-3 

19-8 

18-4 

17*7 

16-6 

•• 

W. B. (°C) . 

23*2 

22-4 

21-3 

18-6 

17-3 

148 

12-6 

10-8 

9-3 


Press (mb.) 

1005 

983 

949 

916 

896 

845 

816 

797 

779 


May. 

Morning. 











D. B. (°C) . 

27*5 

27-2 

26-1 

25-8 

25-9 

24*5 

22-4 

210 


17*4 

W. B. (°C) . 

256 

25-9 

24-6 

211 

19-0 

15*6 

12-6 

11*8 

•• 

10-4 

Press (mb.) 

1003 

981 

948 

915 

894 

844 

814 

795 

•• 

749 

Afternoon. 











D. B. (°C) . 

330 

32-5 

30-2 

27-9 

26-4 

23-7 

20-9 

19-5 


16*5 

W. B. (°C) . 

27-5 

25-9 

25-7 

23-3 

22-2 

18-3 

171 

160 


11-3 

Press (mb.) 

998-5 

977 

944 

912 

891 

840 

811 

793 

• 

744 


In the mornings of April, there is, on an average, practically an isothermal region just 
above the ground, followed by a region of weak inversion between (about) 0-2—0-7 gkm. 
In the afternoon the isothermal region and inversion disppear, and the wet bulb tempera¬ 
tures increase slightly within 0-8—1-8 gkm levels as compared with those in the morning. 

In May mornings, temperature falls slowly from 27-5°C at ground to 25*8°C at 0-8 gkm. 
Above this level there is a region of weak inversion between (about) 08—1 gkm. 

It is wiped out in the afternoon, and the moist southwesterly current from the Bay 
of Bengal also penetrates higher up as is shown by the increase of wet bulb temperatures 
in the afternoon up to 2-5 gkms (see Figs. 1 and 2). 

From some theoretical considerations, Ramanathan and Banerjee have inferred the 
existence of a region of inversion above 1 km (from ground) during May in Bengal. The 
above data generally verify their conclusions. 

The mean values of dry bulb temperatures, pressure and computed wet bulb tempera¬ 
tures* from sounding balloon ascents at Jhikargacha in the afternoon, together with the 
normal values over Agra and Poona for the corresponding levels in April and May, are given 
in Tables 6 and 7. The values for Agra and Poona are from ascents made at sunset. N 
gives the number of observations. 

* The wet bulb temperatures computed from humidity given by the hair hygrograph are practically identical with saturation 
temperatures, which can be calculated according to the method given by Dr. Normand. See Nature, Vol. 128, 1931, p, 583. 
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Table 6.—April averages. 


Height (gkm) 

JHIKARGACHA (-008 OKM) N = 4 

Agra (-166 gkm) N=45 

Poona (-543 gkm) N=5 

Temp. 

(°A) 

Press 

(mb) 

W. B. 
Temp. 
<°A). 

Temp. 

(°A) 

Press 

(mb) 

W. B. 
Temp. 

(°A) 

Temp. 

(°A) 

Press 

(mb) 

W. B. 
Temp. 

(°A) 

Surface . 

300-1 

1006 

296-2 

307*0 

985 

291 

306*0 

946 

295 

0-5 

298-7 

952 

297-3 

.. 

.. 

.. 

.. 

.. 

.. 

1*0 

2973 

899 

295*7 

300*5 

896 

288 

303-0 

898 

292 

1*5 

294-8 

848 

292*6 

.. 

.. 

.. 

.. 

.. 

.. 

2*0 

291-1 

799 

289*0 

292*0 

797 

283 

293*5 

799 

286 

2*5 

287-8 

753 

286*0 

.. 

.. 

.. 

.. 

.. 

.. 

30 

282-8 

709 

281*8 

283*0 

706 

277 

284*0 

709 

281 

4-0 

275*9 

627 

275*9 

275*0 

623 

270 

276-0 

626 

274 

6*0 

270*3 

552 

270*3 

268*0 

548 

264 

269*5 

551 

267 

6-0 

264-2 

485 

264-2 

261*5 

481 

258 

263*5 

484 

261 

70 

257-7 

424 

257-7 

253*5 

420 

251 

257*5 

423 

265 

8-0 

250*7 

369 

•• 

246*5 

365 

. . 

250*0 

368 

249 

9-0 

243-5 

321 

• • 

238-5 

317 

.. 

243*5 

320 

. . 

10-0 

236-2 

276 

•• 

230*5 

273 


235*0 

276 

•• 


Table 7.—May averages. 


Height (gkm) 

JHIKARGACHA ( 008 GKM) N = 9 

Agra (-166 gkm) N=33 

Poona (-543 gkm) N=8 

Temp. 

(°A). 

Press 

(mb) 

W. B. 
Temp. 
(°A) 

Temp. 

(°A) 

Press 

(mb) 

W. B. 
Temp. 
<°A) 

Temp. 

(°A) 

Press 

(mb) 

W. B. 
Temp. 

(°A) 

^Surface . 

304*6 

1000 

299*7 

309*5 

981 

294 

306*0 

944 

206 

0-5 

301*3 

948 

298*3 

. . 

.. 

.. 

♦ . 

, . 

. # 

1*0 

298*5 

895 

296*8 

303*0 

893 

290 

302*0 

897 

295 

1*5 

295-5 

845 

293*5 

.. 

*.. 

.. 

. . 

,, 


2*0 

293-7 

796 

290*3 

294*5 

794 

285 

293*5 

798 

288 

2*5 

290*7 

750 

286*7 

•. 

.. 

.. 

.. 

,. 


3*0 

286*9 

706 

283*6 

285*5 

705 

278 

285*5 

708 

282 

4*0 

281*2 

624 

276*3 

277*5 

623 

273 

278*0 

625 

275 

6-0 

275*2 

551 

271*5 

270*0 

549 

266 

272*0 

551 

270 

6*0 

270*0 

487 

266*9 

264*0 

482 

260 

267-0 

484 

264 

7*0 

264*7 

427 

263-0 

257*0 

421 

254 

260*5 

424 

257 

8*0 

259*1 

373 

• • 

250*5 

367 

248 

253-5 

371 

251 

9*0 

251*4 

326 

• • 

243*5 

319 

.. 

246-1 

322 

244 

10-0 

244*0 

281 

•• 

236*5 

276 

•• 

238*0 

279 

•• 
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The mean time of ascent at Jhikargacha in April is 1730 hrs I. S. T., the range of time 
of ascents being 1650-1810 hrs I. S. T ; in May it is 1800 hrs I. S. T., the range being 1520- 


2130 hrs I. S. T. 

Tephigrams and wet bulb temperatures for Jhikargacha, Agra and Poona from mean 
monthly values for April and May have been drawn in Figs. 7 and 8. In May Jhikargacha 
has a higher temperature from 3—10 gkm than Agra and Poona. In April, the tempera¬ 
tures at 4—9 gkm over Jhikargacha and Poona differ only by fractions of a degree (°A), 
and are higher than over Agra at the corresponding levels. 

In the lower layers, the temperatures over Jhikargacha up to 2 gkms are lower than 
those over Agra in April and May. Compared to those over Poona, lower temperatures 
prevail over Jhikargacha up to about 3 gkms in April and up to about 2 gkms in May.* 
The wet bulb temperatures over Jhikargacha at all the levels are higher than those over 
Agra and Poona in both the months. 

The above conclusions regarding the temperatures over Jhikargacha in April and May 
are based on only a few ascents in these months in 1929, and hence these at present are 
to be regarded as provisional. 

Prom Figs. 7 and 8, the following characteristics regarding latent instability 5 of the 
atmosphere over Jhikargacha, Agra and Poona are also found :— 


Place. 

Environment of latent 
instability. 

Layers of latent 
instability. 

Environment of latent 
instability. 

Layers of latent 
instability. 


April. 

May. 

Jhikargacha 

Above about 820 mb 
level to the highest 
level shown. 

Ground to about 425 
mb level. 

From about 750 mb level 
to the highest level. 

Ground to about 710 
mb level. 

Poona 

From about 700 mb to 
the highest level. 

Ground to about 590 
mb level. 

From about 720 mb level 
to the highest level. 

Ground to about 660 
mb level. 

Agra 

From about 450 mb to 
the highest level. 

Ground to about 730 
mb level. 

From about 560 mb level 
to the highest level. 

Ground to 680 mb 
level. 


At all the three places layers as well as environments of latent instability 5 exist in 
April and May. Thus conditions are favourable for disturbed weather like thunderstorms, 
which are known to occur in Bengal and Poona (Deccan) during this season. At Agra 
duststorms, though frequent in May, also occur in April, and these are sometimes associat¬ 
ed with thunderstorms. 

The difference in the mean dry bulb temperatures of the lower layers of air shown by 
sounding balloon and clown balloon meteorographs respectively is mainly due to the 
two sets of ascents being made at different hours of the afternoon when temperature 
at the ground falls rather rapidly after attaining the maximum. Also some of the ascents 
with Dines meteorographs were made when either a thunderstorm was in progress or soon 
after it was over. Hence the mean values of temperature obtained from such ascents, 
specially in view of the small total number of ascents, are liable to be further affected. 
Compared with those from clown balloon meteorographs, the temperatures are lower 
over the lowest layers above ground, and slightly higher in the layers above 1 and 2 gkm 

* Similar results regarding the distribution of temperatures in April and May in north-east India hare been obtained from 

computations based on normal data of pilot balloon winds by Dr. Ramanathan and Mr. Ramakrishnan. Their results are awaiting 

publication. 
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in April and May respectively. The reasons for such changes of temperature after a 
thunderstorm are given later on. 

The following records have been selected to illustrate some particular features of the 
atmospheric condition at Jhikargacha, either stable or disturbed. 

4. Individual ascents with clown balloon meteorographs. 

9-4-1929. The tephigram and wet bulb temperatures for an ascent at 0531 hrs 
I. S. T. are shown in Fig. 3. The main feature is a region of strong inversion just above 
the ground with a sudden fall in wet bulb temperature above it. The wet bulb potential 
temperature within the levels of 945-820 mb is practically constant, indicating the homo¬ 
geneity of the upper air mass. The direction and velocity of winds over Jhikargacha at 
0600 hrs I. S. T. were as follows. The heights are in kilometres above sea level, direction 
in degrees from north, and velocity in metres per second. 


Surface. 

•2 km. 

•5 km. 

•8 km. 

1*0 km. 

1*5 km. 

2-0 km. 

2-5 km. 

Dir Yel 

Dir Vel 

Dir Vel 

Dir Vel 

Dir Vel 

Dir Vel 

Dir Vel 

Dir Vel 

205 10 

225 100 

250 8-5 

265 6*5 

270 6-0 

290 6*0 

285 7-5 

285 9*5 


Over the humid southwesterly current, a comparatively dry westerly current of air 
was flowing. In these circumstances, an inversion is inevitable, so long as equilibrium 
is maintained. For if equilibrium is maintained the upper air mass has a smaller density 
than the lower air mass. So if R x and R 2 be the gas constants of the lower and upper air, 
and T 2 and T 1 the absolute temperatures just above and below the surface of separation 
in the upper and lower layers, R x T x <R 2 T 2 . If the lower air mass has a greater water- 
vapour content, R X -^R 2 and therefore T 2 ^T X , i.e., there is an inversion 0 of temperature. 
Though this simple idea explains the existence of the inversion, it cannot however account 
quantitatively for the temperature difference between its top and bottom. The sound¬ 
ing reveals no latent instability in the atmosphere as far as it had penetrated. The 
weather was fine and clear throughout the day after 0800 hrs I. S. T., with hazy horizon 
in the morning before that hour. 

A similar variation of dry and wet bulb temperatures with height up to about 2 kms 
is typical of clear mornings in April at Jhikargacha. 

These inversions over lower Bengal in April and May appear to be similar in type to 
those observed first by J. H. Field 7 over Karachi in August and September 1905. The 
inversion over Karachi is due to the same cause, but the history of the dry air, overrunning 
the moist air over Karachi is different from that of the dry air over Bengal as it traverses 
different regions of the country. 

5-4-1929. {Fig. ty-. The effect of afternoon insolation is marked by a layer between 
990-930 mb with a lapse rate equal to the dry adiabatic or just exceeding it. Apparently 
the sounding was made when the layers of air just above the ground had begun to cool 
after the maximum effect of insolation, as seen from the small layer of inversion from 
ground to the level of 992 mb. The isothermal region between 840 and 781 mb, the 
highest level attained by the meteorograph, is due to upper drier mass of air existing over 

B 
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a lower humid layer. Such a region of separation, is characterised by a change in the 
lapse rate of temperature which may be merely a decrease in lapse rate or marked by an 
isothermal region or even an inversion (see Brunt, be. cit.). The direction and velocity 
of wind over the place at 1540 hrs I. S. T. were as follows 


Surface. 

•2 km. 

•5 km. 

•8 km. 

1-0 km. 

1-5 km. 

2*0 km. 

2*5 km. 

3 0 km. 

Dir 

Vel 

Dir 

Vel 

Dir 

Vel 

Bir 

Vel 

Dir 

Vel 

Dir 

Vel 

Dir 

Vel 

Dir 

Vel 

Dir 

Vel 

245 

1-5 

240 

5-5 

230 

5-5 

235 

5-0 

240 

5-5 

280 

5-5 

285 

7-0 

290 

120 

290 

10-0 


As seen from the weather notes for the day in Appendix C the sky was clear at 1715 
hrs I. S. T., though it was overcast with Cu and Sc till 0930 hrs I. S. T. The air over 
Jhikargacha had no latent instability. In spite of the superadiabatic lapse rate which very 
probably existed throughout the lower air mass below 930 mb at the time of effect of 
insolation, no disturbance in the weather occurred, due probably to the lack of latent 
instability. 

21-5-1929. In Fig. 5, the data from two ascents at 0614 and 1645 hrs have been 
reproduced to illustrate once more the points mentioned in the previous case. The shallow 
inversion just above the ground due to cooling by radiation soon after the epoch of maxi¬ 
mum insolation, the superadiabatic lapse rate above it and the upper layer of inversion, 
both in the morning and afternoon, are clearly brought out in these two records. Over 
Jhikargacha, S and Cu clouds overcast the sky in the morning till 0900 hrs but it was 
clear at noon and afternoon. After evening Cu and Cb developed, but beyond it no 
further disturbance occurred, though lightning was seen at a distance. 

The records of 5th and 9th April do not show any latent instability up to the height 
penetrated by the meteorographs. Those on 21st May also show the same condition, 
though it is probable that the atmosphere above the level of about 700 mb was an environ¬ 
ment of latent instability at the time of the first ascent at 0614 hrs. 

18-4-1929. Dry and wet bulb temperatures from two ascents at 0629 and 1655 hrs 
I. S. T. are given in Fig. 6. Though the ascent in the morning is limited to only 2-10 
kms, the trend of the curve indicates clearly that the atmosphere above the level of about 
820 mbs was an environment of latent instability. In spite of a region of strong inver¬ 
sion from 940 to 920 mb, energy was realised from the environment for thunder at 1025 
hrs, as can be seen from the detailed remarks for the weather of the day. The second 
ascent, though penetrating to a lower height than the previous one, again shows an environ¬ 
ment of latent instability above about 845 mb and with a marked increase of wet bulb 
temperatures. After the thunder at 1025 hrs the sky cleared and remained so till 1430 
hrs, but by 1800 hrs, it was overcast with Cu and Cb, accompanied with thunder, light¬ 
ning, and a strong Nor’wester at 1910 hrs, with rain. 

19-5-1929. From the previous paragraph it should not be inferred that, if the atmosphere 
has latent instability at any time, a disturbance in the weather will necessarily result at a 
subsequent hour. The two ascents on 19-5-29 drawn in Fig. 9 illustrate this point. From 
the first ascent at 0523 hrs, it is seen that there is latent instability above the level of 
about 785 mb, though there is an inversion between 940-885 mb. But from the ascent 
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at 1655 hrs, it is see*n that the latent instability had disappeared. From the relevant 
notes on weather it appears that only Cu(2) developed by 1200 hrs, and there was no other 
development in the weather. 

14-4-1929. The distribution of dry and wet bulb temperatures at 0759 and 1654 
hrs I. S. T. over Jhikargacha is given in Fig. 10. 

During the twenty-four hours previous to 0800 hrs on the 15th April, thunder was 
reported from Saugor Island, Calcutta, Barisal, Chittagong, Dinajpur, Mymensingh and 
Bogra in Bengal. Bogra reported hailstorm. The rainfall at stations in Bengal round 
about Jessore (the district in which Jhikargacha is situated) is given in Fig. 16, and other 
conditions of the weather on the 14th and the 15th April are shown in Figs. 17 and 18. 
There was no thunder at Jhikargacha but only a shower of short duration with strong 
wind late at night on the 14th April, though there was rainfall in places round about it. 
The two soundings on this date do not reveal any latent instability in the upper air oyer 
the place. This feature associated with the lack of measureable rainfall at Jhikargacha, 
though neighbouring regions of the country had it, appears to give some support to the 
view that in this season in Bengal latent instability of upper air is a necessary requisite 
for the production of a disturbed weather like thunderstorm with rainfall or hailstorm. 

The thermograph maintained at Jhikargacha reveals another interesting feature. A 
fall in the dry bulb temperature, from 90°F to 87°F and in the wet bulb temperature 
from 76°-l F to 73°-9 F was recorded during 1544-1705 hrs. A further fall in the dry 
bulb temperature from 86° 5 F to 72°-6 F, and in the wet bulb temperature from 73°-9 F 
to 61°*7 F, was recorded during 1735-1915 hrs.* 

The pilot balloon trajectories at 0700 hrs and 1530 are reproduced in Fig. 19. The 
change in the afternoon is easily noticeable. There is a NNE—ly current up to about 
0-8 km in the afternoon and this may have subsequently produced the fall in wet bulb 
temperature mentioned above. 

Though there was a flow on the ground of a different air mass, which was colder, and 
which could therefore lead to undercutting of the warmer air above, the weather over 
Jhikargacha was not disturbed enough to produce any marked phenomenon like thunder¬ 
storm or measureable rain. This apparently is due to the lack of instability in the 
' atmosphere as shown by the two ascents for the date, f 

5. Individual ascents with Dines meteorographs. 

20-5-1929. (1518 and 1805 hrs I. S. T.) The temperatures and wet bulb or satura¬ 
tion temperatures calculated from the data of the hair hygrographs of the two meteoro¬ 
graphs are shown in Fig. 11 and notes on the weather for the day are given in Appendix 

C. 

♦The thermogram also shows a decrease in the wet bulb temperature from 76°*1 F to 73 0, 9 F during 1113-1200 hrs I. S. T., 

the dry bulb giving a steady temperature of 87°F with no appreciable change in the barograph. The dry bulb temperature was 
increasing in a regular manner just before and after this period, and the wet bulb temperature again increased after the fall, 
after which it was fluctuating. These changes are not so marked as those described above, 

fDue to the altered circulation of air in the afternoon it is not possible to give exact reasons for the two regions of inver¬ 
sion shown in the record at 1654 hrs I. S. T. From the afternoon trajectory it is seen that the direction of wind changed at 0-7 
km or at the level of about 931 mb. The upper inversion extends from 942 to fel mb, and it may have been either due to 
two different air masses above and below 0-7 km, or it may have been simply the inversion noticed in the morning at 965 mb, 
but pushed upwards due to the turbulence resulting from insolation. The lower one may either be due to cooling of the ground 
which begins at about this hour, or it may have been caused by the colder air mass flowing at that time as shown by the thermo- 
gram. B 2 
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The ascent at 1518 hrs, made when a thunderstorm had just begun, shows an environ¬ 
ment of latent instability above 850 mb level, while the layers from ground to about 
800 mb had latent instability. A superadiabatic lapse rate of temperature from ground 
to about 955 mb, followed by a weak inversion, also existed. At that hour big drops of 
rain were falling accompanied with continuous roars of thunder. The dry bulb tempera¬ 
ture of the thermograph decreased suddenly during 1514-1520 hrs from 96°-5 F to 88°-l F, 
afterwards gradually to 79°-7 F, but again slowly increased to 81°-3 F by 1800 hrs. The 
wet bulb fell from 83°8 F to 71°-5 F and at 1800 hrs it recorded 71° 1 F. * 

The diurnal fall of pressure, after the maximum value of pressure was attained at 
1000 hrs, proceeded till 1420 hrs. It remained steady at 29-47" till 1545 hrs after which 
it increased by 0-01 by 1600 hrs, but afterwards again began to decrease. 

Unfortunately no pilot balloon data are available for the day. 

The superadiabatic lapse rate in the layers just above the ground at 1518 hrs evidently 
could not be an effect of insolation, as it was raining. But if a comparatively colder 
mass of air was undercutting the original air mass, a temperature distribution in these 
layers as given by the ascent could come into existence. For, when a mass of air, having 
its origin elsewhere and colder than the previously existing air, flows over a place, it is 
known that due to frictional retardation it arrives first at the higher levels, and later over 
the surface. The inversion above the region of superadiabatic lapse rate would be an 
effect of the same phenomenon. Or if cold air was descending from the upper levels of 
the region of thunderstorm, as was probably happening, the inversion with the superadia¬ 
batic lapse rate below it would be produced. There is however the further possibility that 
the flow of cold air may have accentuated any tendencies to superadiabatic or a high lapse 
rate previously existing in the layers immediately above the ground, caused by insola¬ 
tion. 

The superadiabatic lapse rate between 870-840 mb and the values of wet bulb tempera¬ 
tures which were only slightly lower than the corresponding dry bulb temperatures, were 
probably due to the meteorograph traversing the Cb clouds existing at that hour.f 

The second ascent shows the change after the thunderstorm. A region of inversion 
between 1000-900 mb is found, with lower dry and wet bulb temperatures than those at 
the time of the former ascent. The changes in wet bulb potential temperatures indicate 
that colder layers of air replaced the previous ones up to about 880 mbt, but above it hotter 
layers of air displaced the previous ones. Rain had fallen in the interval between first 
and second ascents, and the fall in dry bulb temperatures below 900 mb can be attributed 
to cooling by evaporation, but not the fall in wet bulb temperatures. For wet bulb 
potential temperature is an invariant property of an air mass, and it cannot change by 
e vaporation or condensation, though radiation and turbulence would affect it. 

* The values of the dry and wet bulb temperatures recorded by an Assmann psychrometer at the times of the two ascents 
and the readings of the thermograph at the same instants are given below for compariosn 

Psychrometer. Thermograph. 


1518 hrs . 
1805 hrs . 


D.B.(°F) 

95-5 

81-9 


W.B.(°F) 

84-2 

72-7 


D.B.(°F) 

96-5 

81-3 


W.B.(°F) 

83-8 

711 


t The values of humidity at 10, 1-5 and 2-0 gkms were 83, 94 and 83% respectively. 

I Most probably the air up to ,880 mb was quite homogeneous before the onset of the thunderstorm. At the time of the 
ascent, when the disturbance had already set in, the homogeneity was beginning to be disturbed. 
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At the beginning of the thunderstorm the wet bulb potential temperatures from ground 
up to 880 mb varied only slightly, indicating the existence of a nearly homogeneous mass 
of air, though above it there was a continuous decrease. After the thunderstorm, the 
increasing wet bulb potential temperatures between ground and 850 mb show the replace¬ 
ment of the original homogeneous mass by different layers of air, and similarly the layers 
above 850 mb were replaced by warmer layers of air, which had probably gone up from 
the lower levels during the disturbance. 

The colder air at the levels below 880 mb may have been brought in either by descent 
of air from higher levels in the locality of a thunderstorm (vide Sohoni loc. cit.) or it may 
simply be flowing from a colder region. In a thunderstorm the process of ascent is quick 
and therefore may be regarded as adiabatic. If the air could also descend adiabatically,* 
its wet bulb temperature would follow a saturated adiabatic, and the dry bulb tempera¬ 
ture a dry adiabatic, if no rain falls through the descending air, i.e., there is no evaporation. 
Consequently after an adiabatic descent, the minimum value of wet bulb temperature 
on the ground cannot possibly be lower than the wet bulb potential temperature corres¬ 
ponding to the highest level from which air can reasonably be regarded to come down 
to the ground during a thunderstorm. 

Hence if the air on the ground after a- thunderstorm is found to have a lower wet 
bulb temperature than the minimum or limiting value possible under these conditions, 
it can be regarded to have definitely a different origin other than from the higher levels 
of the region of thunderstorm. 

In the present case, during the first ascent, the lowest wet bulb potential tempera¬ 
ture (corresponding to the level of 720 mb) is 75°F (the actual wet bulb temperature at 
the level being 53 9 F), and at the time of the second ascent it was 73°F. 

Though the meteorograph did not go up higher, it is seen from the trend of the wet 
bulb curve that a lower value is quite possible. Therefore it cannot be said that the cold 
air on the ground in this case came from a different source other than by descent from the 
higher levels of the locality of the thunderstorm itself. 

On the basis of the cold air descending from the upper levels during a thunderstorm, 
it is possible to give a probable explanation of the inversion found after a thunderstorm. 
Fig. 13 shows schematically the position of the cold air mass when the progress of descent 
is nearly completed. But such an air mass left by the storm is not in equilibrium. It 
has a tendency to spread over a wider area and becomes more like a plate during the 
process of spreading. In situation X, its lapse rate is given by / on a tephigram.. When 
it passes adiabatically to situation Y, it becomes limited to a smaller height, and thus the 
difference of pressure between the top and bottom is smaller than in the condition X. 
The lapse rate of temperature in situation Y is therefore given in II, an inversion or an 
isothermal region. 

16-44829. (Fig. 14). The sounding was made after the Nor’wester, which began at 
1500 hrs followed by rain and drizzle till 1700 hrs (see notes on weather in Appendix C), 

♦The distribution of dry and wet bulb temperatures in the lower layers below 900 mb during the first ascent when these 
were just beginning to be affected by the thunderstorm indicates that the progress of descent of the air taking part in the pheno¬ 
menon is also a quick one. The fall in dry and wet bulb temperatures of the thermograph is simultaneous with this distribution. 
Also from some ascents at Agra during a duststorm or thunderstorm balloons have been known to traverse up or down more 
than once when they were caught in descending currents. It also supports the above view that the process of descent of air in 
a thunderstorm is a quick one. r ' •* 
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The cooling in the layers of air immediately above the ground is shown by the inver¬ 
sion between 1000-870 mb levels, which is similar to that discussed in the preceding case. 

The only point that calls for comment is the wet bulb temperature of 67°-3 F on the 
ground. It is slightly lower than the lowest wet bulb potential temperature of 68°-4 F 
obtained from the wet bulb temperature of 6° 8 F at 434 mb level. No conclusion regard¬ 
ing the origin of cold air lying on the ground after the thunderstorm can be drawn from 
it, as the distribution of wet bulb temperature in the upper air before the occurrence of 
the thunderstorm is not known. 

The thermograph registered at 1454 hrs I. S. T. a dry bulb temperature of 96°*4 F 
and a wet bulb temperature of 78°*8 F. Immediately afterwards, both the temperatures 
at first fell rapidly and then gradually. At 1600 hrs, the temperatures were 67°-3 F and 
65° 3 F respectively, after which the temperatures increased only slightly. The barograph 
registered a sudden rise of pressure by 0-12" between 1500-1620 hrs, after which the 
pressure was steady till 2000 hrs. 

It is seen from the tephigram and wet bulb curve that even after the thunderstorm 
the layers of air above 950 mb up to as far as the humidity record extends (380 mb) were 
latently unstable and there was also an environment of latent instability above 680 mb. 
At 2000 hrs Cu(5) were present, and lightning was seen at a distance. 

13-5*1929. (Fig. 15). It is seen from the figure that at 1734 hrs I. S. T. the atmos¬ 
phere above 730 mb formed an environment of latent instability, and layers of air between 
ground and 840 mb had latent instability. No thunderstorm occurred at Jhikargacha, 
due evidently to the lack of a trigger action, but lightning was seen at a distance in the 
evening. 

The record of 12th May at 1751 hrs (not reproduced) shows a similar condition of the 
atmosphere. Atmosphere above 780 mb formed an environment of latent instability and 
air below 710 mb was latently unstable. There was no thunderstorm at Jhikargacha on 
this' day also, though lightning could be seen at a distance in the evening. 

Mention may also be made here of the ascent on 29-5-29 at 2132 hrs I. S. T. On 
29-5-29, Cu and Cb clouds of amount 3 were seen on the west horizon just after evening 
with continuous lightning and thunder at a distance. Lightning was visible till 2300 
hrs, though the zenith was clear at ascent. The record shows both an environment of 
latent instability in the upper levels above about 710 mb and layers of latent instability 
extending from ground upwards to about 480 mb. On the ne^t day also, thunder and 
lightning occurred at about 1500 hrs. 

The ascent on 22-5-29 at 1737 hrs is yet another example of latent instability persist¬ 
ing in the atmosphere after a thunderstorm which occurred at 1530 hrs. The record 
shows an environment of latent instability above 735 mb and layers of latent instability 
below the level of 680 mb. After the ascent, in the evening, the sky became overcast 
with Cu and Cb, and lightning at distance. 

22-4-19294 (Fig. 12). The notes on weather for this day are given in some detail 
here as these are of interest with reference to the ascent at 1734 hrs I. S. T. 

In the morning the sky was lightly clouded with Cu and Cc(2), but by 1000 hrs Cu(8) 
had developed, and existed till 1300 hrs. At 1330 hrs it was overcast with Cu and Cb. 
Strong wind (direction not noted) was blowing during 1340-1430 hrs, with a shower of 
rain at 1430 hrs for 15 minutes and again at 1500 hra for about 20^ minutes. 
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At 1600 hrs Cu and Cb(8) were present. At 1734 hrs the amount of Cu and Cb clouds 
decreased to 7, and moderately strong cold wind was blowing from east. Afterwards the 
amount increased to 9, and continuous lightning to the south of Jhikargacha was observed 
at 1830 hrs. At 1930 hrs only Cs with a few patches of Cu were present on the horizon. 

From the thermograph it is found that the dry bulb fell rapidly from 94°-l to 79° 9 F 
at 1239 hrs, and again at 1339 hrs from 79°-8 to 72°-2 F. Correspondingly, the wet bulb 
decreased from 78°-5 F to 68° 6 F and by 0°-5 F respectively. 

From the barograph it is found that the diurnal fall of pressure was first arrested at 
about 1240 hrs, and afterwards a steady value of 29*65" was maintained from 1240 to 
1440 hrs. At 1440 hrs a rise of 0-05" was recorded. It commenced to decrease at 1520 
hrs, going down to 29-62." 

The point of interest is the sudden decrease in dry and wet bulb temperatures at 
1239 hrs accompanied with a simultaneous change of pressure, without any apparent dis¬ 
turbance of weather at that hour or previous to it except a change in clouding. The 
changes in these elements indicate that a cold mass of air was flowing at least on the ground. 
At 1339 hrs, when a strong wind began to blow the dry bulb fell by 7°-6 F, but there was 
little change in the wet bulb. Only 10 minutes before the wind strengthened, the clouds 
had changed from Cu(8) to Cu and Cb(10). 

Previous to the ascent at 1734 hrs there had been two showers of rain (aiinount not 
known) at 1430 hrs and 1500 hrs lasting for 15 and 20 minutes respectively. No fall but 
a slight rise in both the dry and wet bulb temperatures by about 0°-5 F at the first period 
of rainfall was registered and this was maintained practically constant during the second 
period also. Thus there was no cooling due to evaporation. 

From 1400 to 2200 hrs, the dry and wet bulb temperatures were practically steady 
at 72°-7 F and 68°-6 F (the respective variations did not exceed 1°F and 0°-5 F). 

These data and the inversion shown by the ascent suggest that a cold mass of air 
flowed over Jhikargacha. No thunderstorm had occurred over the place previous to 
the ascent, and so the cold air could not have descended from the upper air over Jhikar¬ 
gacha. 

From the remarks available from special charts prepared at Calcutta during this 
period it is however found that the weather round about Jhikargacha was disturbed. 
Stations lying towards the north, northeast and eastnortheast within a distance of about 
70 miles reported high winds of strength 6—7 on Beaufort scale between 1035-1320 hrs 
accompanying duststorm, lightning and rain. Nor’wester with rain was reported from a 
station lying to the southeast at a distance about 50 miles at 1230 and 1430 hrs, and dust- 
storms and squalls with wind velocities up to strength 7 from places lying to the west and 
northwest of Jhikargacha at distances varying between 20 to 70 miles. From these data 
it appears to be very probable that if places lying closer to Jhikargacha had been selected 
for special observations disturbed weather may have been noted at these places also. 
There was rain at Jhikargacha at 1430 and 1500 hrs, and continuous lightning was noticed 
towards the south an hour after the ascent. 

These occurrences of duststorm, lightning and Nor’wester round about the place 
suggest that the flow of the cold air, which was recorded by the thermograph and the 
meteorograph, was caused by the disturbed weather at neighbouring places, and most 
probably it had its origin in these phenomena. It is evident that such a flow could lead 
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to a thunderstorm at Jhikargacha also if there was enough latent instability in the 
atmosphere. 

Unfortunately no sounding of the upper air was made just previous to the occurrence 
of rainfall at 1430 hrs to enable one to know the degree of latent instability, but the rain¬ 
fall at 1430 and 1500 hrs suggests that the air had latent instability though its magnitude 
may not have been great enough to produce a thunderstorm. 

28-5-1929. Two ascents with clown balloon meteorographs at 0626 and 1720 hrs 
I. S. T. and one with a Dines meteorograph at 1810 hrs I. S. T. were made during the day. 
The record for humidity for the last one could not be deciphered. The data are plotted 
in Fig. 20. 

Unfortunately no thermograph records for the day are available. The barograph 
registered a sudden and rapid increase of pressure of 0-14' at about 1810 hrs, followed 
by a slow rise of 0-04" till 1830 hrs. 

No pilot balloon ascents were made at Jhikargacha during the day. The winds at 
Calcutta were southwesterly up to 2 km and also alXDacca up to 1 km. Above these levels 
these were westerly or northwesterly. 

The first ascent gives an environment of latent instability above 785 mb even at 
0626 hrs in the morning. The second at 1720 hrs went up to a lower height, and reveals 
no latent instability up to that level but an increase of wet bulb temperature throughout 
is seen. 

The gradual development of a superadiabatic lapse rate of temperature in the neigh¬ 
bourhood of 950 mb is noticeable in the two afternoon records.* 

At the time of ascent at 1810 hrs, Cb(3) clouds were seen to rise rapidly from the west, 
and within 10 minutes the sky was overcast with Cb clouds. The balloon being let off 
at 1810 hrs passed through the disturbed atmosphere after a few minutes of rise. From 
1820 to 1840 hrs there was a shower of rain with cold northerly wind. 

To the northwest of Jhikargacha, at a place about 70 miles away from it, a thunder¬ 
storm began at 1638 hrs accompanied with light showers and continued up to 1720 hrs 
with varying intensity of rainfall; at another place at a distance of about 40 miles in the 
same direction rain fell between 1710 and 1810 hrs, accompanied with wind of storm force. 
No disturbed weather was recorded at other places in Bengal selected for special observa¬ 
tion of phenomena associated with Nor wester. 

The superadiabatic lapse rate existing at 1810 hrs I. S. T. (1834 hrs L. T.) could not 
possibly have been an effect of insolation at that hour. But it seems probable that it was 
caused by the flow of a comparatively colder air mass from the thunderstorms occurring 
in places to the northwest of Jhikargacha, as shown by the sudden rise of pressure of 0-14" 
at 1810 hrs. This cold air probably descended from the upper levels of the neighbouring 
region of. thunderstorm as above a point Z in Fig. 13. There might be superadiabatic 
lapse rates between such points and the ground. It first affected the levels slightly above 
the surface of Jhikargacha in the neighbourhood of 950 mb, as shown by the ascent at 


*From Fig. 20 it is scon that a layer of high lapse rate of temperature (nearly superadiabatic) existed botween 740-710 
mb levels. Such a layer was also found between 730-690 mbs on 17th May at 1735 hrs and between 755-732 mbs on 18th the 
Mayat 1736 hrs. On 17th May the lapse rate was superadiabatic. On all the three dates, the ascents were made just before the 
commencement of a Nor’wester. It is probable that the layer marks the top of Cb clouds the base of which the sounding 
balloon entered after about 6 minutes of letting off on 28th May, but data for humidity are necessary to ascertain it. These 
unfortunately are lacking for all the three ascents. 
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1720 hrs. At the time of the next ascent at 1810 hrs I. S. T., the superadiabatic lapse 
rate became more marked, apparently due to the flow of the colder air in increasing mass. 
This explanation is also supported by the rapid development of Cb clouds which over¬ 
cast the sky within 10 minutes of ascent. As the storm started at Jhikargacha at 
1820 hrs, the cold air from its upper levels could not have affected the meteorograph 
(let off at 1810 hrs) while it was passing the region just above the ground marked by 
superadiabatic lapse rate. 

Thus it seems that this thunderstorm was started by the undercutting action of a 
colder air mass which was probably flowing down from the upper levels of a thunderstorm 
occurring at a neighbouring place. The air over Jhikargacha had latent instability as 
shown by the ascent in the morning. 

No other meteorograph ascents throwing light on the immediate cause or trigger 
action which starts a thunderstorm in lower Bengal, if latent instability exists in the upper 
air, are available. Further collection of data is necessary to investigate this aspect of the 
problem. 

Our thanks are due to Dr. C. W. B. Normand for his helpful criticism and sugges¬ 
tions during the course of preparation of the paper; also to Mr. G. C. Chakravarty and 
to members of the computing section at the Upper Air Observatory, Agra, and the Upper 
Air Section at Poona for assistance in computing the data and in preparation of the dia¬ 
grams. 
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APPENDIX A. 

Pressures, temperatures and humidities obtained from sounding balloon ascents at Jhikargacha in 

April and May 1929. 


Date. 

13-4-29 

18h. 8m. (I.S.T.) 

16-4-29 

16li. 27m. (I.S.T.) 

17h. 

22-4-29 

34m. (I.S.T.) 


16h. 47m. (I.S.T.) 

Height in 

P 

T 

U 

P 

T 

U 

P 

T 

U 

P 

T 

U 

gkm 

mb 

°A 

/o 

mb 

°A 

Of 

fo 

mb 

°A 

c 

Yo 

mb 

°A 

6/ 

/o 

Surface . 

1009 

304-5 

61 

1008 

295-0 

80 

1004 

296-0 


82 

1004 

305*0 

65 

0*5 

954 

299-5* 


951 

96-0* 


951 

98-0* 


81* 

951 

01*5 

97* 

1-0 

900 

96-0 


899 

96-0 

62 

898 

99-0 


86 

900 

298*5 

100 

1*5 

849 

92-5 


848 

- 95-0 

62 

847 

96-0 


91 

849 

96*0 

95 

2*0 

800 

89-0 

86* 

799 

92-0 

68 





800 

92-0 

93 

2-5 

753 

85-0 

83 

752 

88-5 

80 





753* 

90*0* 

89* 

3*0 

709 

81-0 

86 

709 

84-5 

92 








4-0 

626 

73-5 

93 

627 

78-0 

100 








5-0 

551 

67-5 

97 

553 

73-0 

100 








6-0 

483 

62-5 

96 

486 

66-0 

100 








7-0 

422 

57-0 

100 

426 

58-5 

80 








8-0 

368 

51-0 


371 

50-5 









90 

320 

44-0 


323 

43-0 









10-0 

276 

36-0 













Date. 

12-5-29 ' 

17h. 51m. (I.S.T.) 

13-5-294 

17h. 34m. (I.S.T.) 

17-5-29 

17h. 35m. (I.S.T.) 

18-5-29 

17h. 36m. (I.S.T.) 

Height in 

P 

T 

TJ 

P 

T 

U 

P 

T 

U 

P 

T U 

gkm 

mb 

°A 

% 

mb 

°A 

0/ 

/o 

mb 

°A 

o/ 

/o 

mb 

°A % 

Surface . 

1003 

304-0 

60 

1001 

304*5 

61 

1005 

304-0 

77 

1004 

305-5 71 

0-5 

950 

01-0* 


950 

299*5* 

79 


.... 



.... 

1-0 

898 

297-5 

97* 

897 

96-5 

88 

896 

297*5 


896 

298-5J 

1*5 

846 

95-5 

90 

844 

93*5 

74 

844 

95*5 


844 

93-0 

2-0 

798 

94-0 

79 

796 

91*5 

54 

797 

92-5 


796 , 

91*0 

2-5 

751 

900 

63 

750 

89-0 

37 

750 

90-0 


749 

89-0 

30 

707 

86-5 

60 

706 

86-0 

27 

706 

85-5 


705 

85*0 

4-0 

627 

81-5 

32 

623 

80*0 

25 

624 

80*5 


622 

80-0 

5-0 

552 

72-0 

22 

548* 

74*0* 


550 

74-0 


550 

74*5 

60 

487 

71-0 

16 










* Extrapolated. 

■f The data for humidity on 13th May have been obtained after applying a correction to the values from the hair hygro- 


graph. 

+ From one curve only. 
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Date. 

20-5-29 

I5h. 18m. (I.S.T.) 

20-5-29 

18h. 5m. (I.S.T.) 

22-5-29 

17h. 37m. (I.S.T.) 

22-5-29 

continued. 

17h. 37m. (I.S..T.) 

Height in gkm 

P 

T 

U 

P 

T 

U 

P 

T 

U 

Ht. in P 

T 

mb 

°A 

0 / 

/o 

mb 

°A 

o/ 

/o 

mb 

°A 

% 

gkm 

mb 

°A 

Surface 

1001 

308-5 

62 

1001 

300-5 

64 

984 

305-5 

71 

11 

243 

2360 

0-5 

949 

040 

66 

949 

02-5* 

57 

941 


94 

12 

209 

227-5 

po 

897 

00-5 

83 

897 

02-0 

75 

889 


82 

13 

180 

218-0 

P6 

846 

296-5 

93 

843 

298*5 

91 

839 


61 

14 

153 

110 

2-0 

798 

94-0 

83 

797 

95-5 

77 

792 

296-5 

48 

15 

129 

05-0 

2*5 

750 

90-0 

75 

751 

92-0 

76 

750 

92-0 

60 

16 

109 

199-0 

30 

707 


m 

708 

88*5* 

77 * 

706 

87-5 

52 

17 

91 

95-5 

4-0 







623 

79-0 

41 

18 

76 

90-0 

5-0 







5,50 

73-0 

49 

19 

63 

88-0 

6-0 







484 

66-5 

58 

20 

53 

92-5 

7-0 







424 

63-5 

63 




| 8-0 







371 

57-5 





0-0 







326 

51-5 





10-0 







281 

44-0 






Date. 

28-5-29 

18h. 10 m. (I.S.T.) 

29-5-29 

21h. 32m. (I.S.T.) 

Height in gkm 

P 

T 

U 

P 

T 

U 


mb 

°A 

% 

mb 

°A 

% 

Surface . 

995 

306-0 

65 

1003 

303-0 

79 

0*5 

941 

00-5 


950 

01 - 0 * 


1-0 

890 

297-5 


898 

298-0 

82* 

1-5 

849 

96-0 


846 

95-5 

82 

2-0 

790 

93-5 


799 

94-5 

84 

2*5 

747 

92-5 


751 

92-0 

83 

3*0 

703 

88-5 


708 

88-0 

99 

4-0 

624 

85-0 


627 

82-0 

89 

6-0 

651 

80-5 


654 

78-0 

73 

6-0 

487* 



489 

72-5 

73 

7-0 




430 

66-0 

54 

8-0 




376 

60-5 


9-0 







10-0 








* Extrapolated. 

% From one curve only. 
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APPENDIX B. 

Pressures, dry bulb (D. B.)> and wet bulb (W. B.) temperatures obtained from clown balloon ascents 

at Jhikargacha in April 1929. 


Bate. 

2-4-1929. 

6 h. 55m. (I.S.T.) 

3-4-1929. 

16b. 15m. (I.S.T.) 

5-4-1929. 

17h. 0m. (I.S.T.) 

Height in metres 

P 

B.B. 

W.B. 

P. 

B.B. 

W.B. 

P 

B.B. 

W.B. 

(above Jhikargacha). 

mb 

°c 

°c 

mb 

°c 

°c 

mb 


°c 

Surface . 

1009 

24*7 

21-9 

1002 

30-3 

24-6 

1006 

30*5 

25 3 

200 

986 

23 6 

22 4 

980 

29-6 

240 

984 

30-2 

23*8 

500 

953 

23*8 

21*6 

947 

26-3 

22 4 

951 

27-3 

22*3 

800 

920 

226 

184 

015 

23-2 

20-8 

919 

24-1 

20-8 

1000 

899 

23*8 

15-2 




898 

224 

196 

1500 

849 

22-4 

90 




847 

19-2 

17*0 

1800 

820 

20-4 

8-1 




819 

18-6 

14*8 

2000 







800 

18-7 

13;2 

2200 







781 

18*6 

10*7 






9-4-1929. 



10-4-1929. 



11-44929 


Bate. 

5h. 31m. (I.S.T.) 



5h. 8 m. (I.S.T.) 


15h. 19m. (J.S.T.) 


Height in metres 

P 

B.B. 

W.B. 

P 

B.B. 

W.B. 

P 

D.B. 

W.B. 

(above Jhikargacha). 

mb 

°c 

°c 

mb 

°o 

°c 

mb 

°c 

°o 

Surface 

1005 

250 

24-6 

1006 

254 

250 

1006 

294 

20*2 

200 

982 

25-2 

23-3 

983 

254 

25*4 

984 

300 

18*3 

500 

950 

30-2 

19*0 

950 

29*9 

200 

951 

29*0 

18*5 

800 

919 

29*6 

104 

919 

28 4 

180 

919 

27*2 

14*5 

1000 

898 

28-3 

15-2 

89a 

274 

10*5 

898 

25*6 

13*1 

1500 

848 

24-6 

134 

848 

240 

13 4 

848 

22*2 

12*0 

1800 

819 

22-7 

121 

819 

21-8 

12*2 




2000 




800 

20*6 

11*7 







14-4-1929 



14-4-1929 



15-4-1929 


Bate. 


7h. 29m. (I.S.T.) 


10b. 54m. (I.S.T.) 

17h. 50m. (I.S.T.) 

Height in metres 

P 

B.B. 

W.B. 

P 

B.B. 

W.B. 

P 

B.B. 

W.B. 

(above Jhikargacha). 

mb 

°o 

°c 

mb 

°c 

°o 

mb 

°c 

°c 

Surface . 

1012 

27-4 

25-0 

1008 

30-3 

22*5 

1007 

30*5 

22*5 

200 

989 

264 

24-8 

985 

300 

22-1 

984 

29*0 

22*8 

500 

956 

25-6 

21*2 

953 

27*5 

21*5 

952 

264 

20*8 

800 

924 

254 

170 

921 

26*2 

16*3 

920 

23*7 

18*6 

1000 

903 

25-2 

15*7 

900 

24*5 

14*6 

899 

21*8 

17*5 

lflOO 

853 

21-6 

B3-9 

849 

20*5 

12*2 

848 

17*6 

15*1 

1800 

824 

200 

12-8 

820 

184 

10*8 




2000 




801 

170 

9*8 




2200 




782 

15*8 

8*8 
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Date. 

18-4-1929 

6 b. 29m. (I.S.T.) 

16k 

18-4-1929 
. 66m. (I.S.T.) 

19-4-1929 

6 h. 32m. (I.S.T.) 

Height in metres 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

(above Jhikargacha). 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°o 

Surface . 

1005 

25-3 

24-8 

1002 

290 

23-8 

1007 

21-8 

200 

200 

982 

25-1 

25-1 

979 

27-6 

23-2 

984 

23*2 

194 

500 

949 

24-0 

23-6 

947 

25-2 

22-1 

951 

25-7 

190 

S00 

917 

250 

20-4 

914 

23-8 

20-8 

919 

240 

19-2 

1000 

896 

23-8 

18*4. 

892 

22-7 

21-7 

898 

230 

17 0 

1500 

846 

20-8 

14-2 

844 

20*2 

18-7 

847 

21-6 

140 

1800 

817 

18-8 

11 9 







2000 

798 

17-3 

11*3 



• 





at jhikargacha in May 1929. 


' 


8-5-1929 



11-5-1929 



18-5-1929 



19-5-1929 


Date. 

8 h. 26m. (I.S.T.) 

5h. 24m. (I.S.T.) 

5b. 33m. (I.S.T.) 

5h. 23m. (I.S.T.) 

Height in 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

Metres (above 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°c 

Jhikargacha). 
Surface . 

1003 

30-8 

26-4 

1003 

26*8 

25*7 

1006 

20*0 

24*9 

1006 

27*5 

26-6 

200 

982 

29-2 

25-6 

981 

26*5 

25*5 

984 

26*4 

25-8 

983 

27*2 

26*6 

500 

948 

26-0 

24-2 

948 

25*4 

24*4 

950 

26*4 

25*6 

951 

25*6 

24*9 

8 Q0 

916 

23-8 

22-8 

915 

23*6 

22*0 

918 

26*0 

20*8 

918 

20*8 

21*5 

1000 

895 

22*4 

22*2 

895 

22*4 

21*1 

898 

27*0 

16*4 

898 

20*8 

19 1 

1500 




844 

24*4 

15*4 

848 

25*5 

15*0 

849 

24*2 

15*2 

1800 




816 

23*2 

11*8 

819 

22-9 

13*8 

820 

22*2 

13*2 

2000 




797 

21*4 

118 




800 

20*4 

11-8 

2500 










755 

16*3 

9*8 



Date. 


19-5-1929 



21-6-1920 



21-6-1929 



22-5-1929 


16h. 56m. (I.S.T.) 

6 h. 14ra. (I.S.T.) 

16h. 45m. (I.S.T.) 

6 h. 35m. (I.S.T.) 

Height in 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

Metres (above 

mb 

°o 

°c 

mb 

°o 

°c 

mb 

°c 

°o 

mb 

°o 

°o 

Jhikargacha). 
Surface . 

1002 

35-3 

27*3 

1002 

29*0 

27*2 

998 

34*3 

27*8 

1002 

27*7 

25*3 

200 

980 

35 3 

270 

980 

27*2 

25*8 

976 

33*2 

26*7 

980 

264 

25*9 

500 

948 

32-7 

25*6 

947 

26*6 

23*7 

944 

30-4 

25*1 

947 

26*3 

23*7 

800 

916 

302 

24*3 

915 

30*1 

18*6 

913 

27*9 

23*6 

915 

25 1 

201 

1000 

896 

28-6 

23*1 

895 

29*7 

16*8 

892 

26-8 

21*9 

894 

27*0 

16*3 

1500 

846 

24-8 

20*5 

840 

25*8 

132 

843 

27*8 

12*0 

845 

24*9 

15*1 

1800 

818 

22-8 

18*9 

817 

23*2 

10*8 




810 

230 

12*0 

2000 

799 

220 

17*3 

798 

21*4 

9*8 




797 

22?3 

10*8 

2500 










753 

18*9 

7*6 


p 2 
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Date. 

23-5-1929 

5h. 45m. (I.S.T.) 

23-5-1929 

17h. 4m. (I.S.T.) 

24-5-1929 

5h. 14m. (I.S.T.) 

25-5-1929 

5h. 8m. (I.S.T.) 

Height in 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

Metres (above 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

' 9 c 

°c 

Jhikargacha). 













Surface . 

1001 

270 

24-7 

997 

34*0 

27-3 

1003 

26-7 

24-7 

1002 

240 

22-7 

200 

978 

27-6 

25-2 

975 

32-8 

26-0 

981 

27-5 

260 

979 

26-6 

25-8 

500 

946 

25-8 

24*6 

943 

30*2 

24-7 

948 

26-7 

24-8 

946 

26-4 

25-6 

800 

914 

24-4 

22-2 

911 

27*7 

23-4 

916 

25-2 

22-2 

915 

26-7 

23-4 

1000 

893 

24-4 

20-8 

891 

260 

22-5 

895 

24-9 

20-6 

894 

26*4 

21-7 

1500 

844 

25-2 

23-1 




845 

23-6 

13-8 

845 

22-8 

18-8 

1800 

815 

23-6 

12-0 




816 

21-5 

12-2 

816 

21-8 

17-2 

2000 

797 

22-6 

12-2 • 




797 

20-4 

111 

797 

210 

16-6 

2500 

751 

19-6 

11-0 

a 



752 

170 

10-8 

752 

18-3 

14-8 


Date. 


28-6-1929 



28-5-1929 



29-5-1929 



30-5-1929 


6 h. 26m. (I.S.T.) 

17h. 29m. (I.S.T.) 

17h. 40m. (I.S.T.) 

17h. 24m. (I.S.T.) 

Height in 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

P 

D.B. 

W.B. 

Metres (above 
Jhikargacha). 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°c 

mb 

°c 

°c 

Surface . 

1001 

296 

27*8 

997 

33-8 

27-4 

998 

33-2 

27-6 

999 

27-2 

24-4 

200 

979 

27-7 

26-4 

975 

33-0 

26-6 

977 

32-5 

26-3 

976 

28-0 

22-8 

500 

946 

25-5 

24-2 

943 

29-8 

25*5 

944 

30-0 

250 

944 

28-3 

22-0 

800 

914 

260 

18-8 

911 

27-4 

24-2 

912 

27*9 

23-9 

912 

26-6 

20*7 

1000 

894 

27-6 

15-6 

891 

26-2 

22*8 

892 

260 

22-8 

892 

25-4 

20-7 

1500 

845 

25-2 

12-2 

841 

22*4 

20-1 

842 

22-5 

19*3 

842 

21*3 

190 

1800 

816 

22-4 

110 

812 

22-0 

15-5 

813 

20*4 

17-4 

813 

190 

16-8 

2000 

797 

20-4 

10-8 




794 

19-4 

15-6 

794 

17-8 

15-6 

2500 

752 

15-9 

8-8 




749 

17-9 

100 

748 

15-7 

13-4 
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APPENDIX C. 

Notes on Weather. 


2-4-1929. Cu and St(3) in the morning. Cu(6) at about 1130 hrs I. S. T. Cb(2) and Cu(5) at 1430 
hrs. Gradually low clouds increased in amount. At 1530 hrs, Cb(5) and Cu(3) with a few drops of rain. 
At 1545 hrs, Cb(3) and Ns(5) with thunder and lightning. Hail at 1555 hrs. Heavy rainlall with hail 
thunder and lightning till 1755 hrs. Afterwards lightning and thunder with slight rain continued till 
1915 hrs. In the morning the ground wind was southeasterly, but at 1745 hrs it was northeasterly and 


again it changed to southeasterly at 1925 hrs. 

3-4-1929. Early morning sky was clear but clouds began to increase in amount at about 0600 hrs. 
At 1100 hrs Cu(8) scattered over the sky. Ground wind from southsouthwesterly direction freshened 
after 1300 hrs, amount of cloud being the same. At 1730 hrs Cu(3) and Cb(3), but gradually increased 
later till 1830 hrs when thunder and lightning began accompanied with cold wind and continued till 
2030 hrs. Severe Nor’wester with heavy rain and hail from 1945 to 2030 hrs. The sky was clear at 

2115 hrs. 

5-4-1929. Cu and Sc(10) till 0930 hrs. At 1230 hrs Cu(8). Clouds began to disappear at about 
1600 hrs. Fine weather with Ci(l) at 1715 hrs and southerly wind on ground. Height of base of Cu at 
0720 hrs=0-6 km. (above ground). Height of base of Cu at 1600 hrs=2-2 km. (above ground). 

9-4-1929. In the morning till 0800 hrs, horizon hazy. Fine weather and clear skies during the 


rest of the day. 

10- 4-1929. Ci(4) and horizon misty at 0508 hrs. Clear sky till 1500 hrs. At 1530 hrs, Ci(2), Cs(2) 

and Cu(3). In the evening, sky overcast with Cu and As. 

11- 4-1929. Sky overcast with As and Sc from morning till 1430 hrs. Practically overcast with 
As and Ac in the evening. Height of As at 1417 hrs. =2-3 km. Cold winds just in the evening (direc¬ 
tion not recorded). 

13- 4-1929. From morning till 0100 hrs, Ac(4). At 1030 hrs Cs(10), with patches of Cu floating 
below. Cs(10) till 1600 hrs. At about 1800 hrs, Ac(3), Cu(2) and As(3). In the evening, lightning seen 

at a distance. 

14- 4-1929. From morning till 1300 hrs, As(10) with patches of Cu floating below. At 1430 hrs, 
Cu(3). At 1530 hrs, Cs(2), Cu(2) and As(6). At 1630 hrs Cs(4) and Cu(3). Late at night sky was over¬ 
cast with low clouds and there was a shower of rain. 

15- 4-1929 From morning till 1200 hrs, Cu(3). At 1600, hrs, Cu(7) and at 1750 hrs, Cb(6). 

16- 4-1929. Clear sky in the morning. At 0900 hrs, Cu(3). At 1200 hrs, Cu(6). At 1430 hrs, Cu and 
Cb(8) At 1500 hrs, Cb(9). Severe Nor’wester between 1500-1540 hrs, with rain between 1540-1630 
hrs, and drizzle between 1630-1700 hrs. Clouds gradually decreased to Cu(5) at 2000 hrs. Lightning 
was also seen at a distance at 2000 hrs. 

18- 4-1929 Thick fog early morning. At about 0600 hrs fog began to clear and Cu appeared. 
At 0700 hrs sky practically overcast with Cu. At about 1000 hrs Cb developed followed by thunder at 
1025 hrs At 1200 hrs sky was clear, though haze was seen on the horizon. Clouds reappeared at 1500 
hrs. At 1530 hrs, Ac(3) and Cs(2). At 1700 hrs, Cu and Cb(6). At 1800 hrs, Cb and Ns( 10) accom¬ 
panied with lightning and thunder. At 1910 hrs, strong nor’wester for about 5 minutes. Rain and 
drizzle between 1920-2030 hrs. Lightning and thunder later on. 

19- 4-1929. Clear sky till 0600 hrs; afterwards clouds appeared. At 0930 hrs, Cu(10). At 1100 
hrs Cu(5). At 1300 hrs, Cu and Cb(10). Thunder at 1500 hrs. Cu(2) and Cb(3) at 1538 hrs. Ns(10) 
at 1545 hrs with a few drops of rain. Fair weather in the evening. 

22-4-1929. Patches of Cu and Cc in the morning. At 0800 hrs, Cu(5) and Ac(2). At 1000 hrs, Cu(8). 
At 1330 hrs, Cu and Cb(10). A shower of rain at 1430 hrs, for about 15 minutes. Another shower of 
rain at 1500 hrs for about 20 minutes. At about 1600 hrs, Cu and Cb(8). At 1734 hrs, Cu and Cb(7) 
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moderately strong cold wind from east. At 1830 hrs, Cu and Cb(9) with lightning on the southern 
horizon. At 1930 hrs, Cs with patches of Cu. 

23-4-1929. Cu and Ac(10) in the morning till 1200 hrs. At 1300 hrs, Cu(5) and patches of Ci. At 
1500 hrs, Cs(2), Ac(2) and Cu(3). At 1530 hrs, Cb in the northwest direction accompanied with thunder. 
At 1600 hrs, sky overcast with Cb and Ns. At 1647 hrs, Cs(4) and Cu and Ns(6) accompanied with 
thunder. At 1730 hrs, a shower of rain for about 10 minutes. At 1800 hrs, sky was overcast with Cb 
and there was thunder. 

8-5-1929.— Sky overcast with Cu at 0700 hrs. Cu and Ac (10) at 0826 hrs. Ac and Cu(10) at about 
0900 hrs. At 1500 hrs* Cu and Cb(8) with a few drops of rain. Afterwards the low clouds decreased a 
little but at about 1800 hrs, Cb(10). Slight rain from 1900-2045 hrs, 

11- 5-1929. Clear in the morning. Sky covered with Cu(6) throughout the rest of the day. Cirrus 
haze allround at about 1800 hrs. Later some Cu clouds appeared on the northern horizon with lightning 
at a distance just after evening. A shower of rain fell late at night, 

12- 5-1929. Clear in the morning till 0700 hrs. After 0800 hrs Cu, varying in amount from 6 to 8, 
persisted till evening. Ci(8) at about 1800 hrs with no large change afterwards. Lightning at a distance 
after evening. 

13- 5-1929. Ci(9) till about 0800 hrs. From 0800-1800 hrs, Ci(5) and Cu(5). Later clouds de^ 
creased, but lightning was seen at a distance after evening. 

17- 5-1929. Sky overcast with Cu and Cb from morning till 1130 hrs. At 14 hrs, Cu(8) and at 1525 
hrs, Fc(4). At 1630 hrs, Cu and Cb(3) towards northwest. At 1735 hrs, Cb(4) increased rapidly in the 
northwest direction overcasting the sky in a very short time. At 1740 hrs Nor’wester with ground 
wind from the northwest direction. There was also a duststorm for about 10 minutes. At 1800 hrs, 
thunder and lightning accompanied with rain. It lasted for about an hour, tyit slight rain continued 
till 2000 hrs. Afterwards clouds disappeared. 

18- 5-1929. Patches of Cu in the morning. At 0700 hrs, Cu(2) ; no large change till 1630 hrs. At 
1730 hrs Cb appeared in the northwest direction and the sky was overcast with Cb and Ns by 1745 hrs 
accompanied with cold wind blowing on the ground from northwest. Rain at 1750 hrs, accompanied 
with thunder and lightning. Heavy rain from 1810-1835 hrs, with thunder and lightning. At 1915 
hrs sky was practically clear. 

19- 5-1929. Morning clear with misty horizon. At 1200 hrs, Cu(2); clear at 1700 hrs. No change 
after evening. 

20- 5-1929. Cu(6) in the morning till 1000 hrs. Cu(4) from 1000-1300 hrs. At 1500 hrs, Cu(2), 
and Cb(3) with thunder. At 1518 hrs, Cb and Ns(7) with rain and thunder. Rain at intervals from 1510- 
1800 hrs. Ci and Cs(4) at 1805 hrs. Clear after evening. 

21- 5-1929. Cu(10) in the morning. Cu(l) from 1000 hrs till evening. Sky overcast with Cu and 
Ob just after evening with lightning at a distance. Cold wind on the ground from a northerly direction 
for about 5 minutes at the time of occurrence of lightning. 

22- 5-1929. Though the sky was clear at 0635 hrs, amount of clouds was changing fast. Ground 
wind northeasterly in the morning, but changed to southeasterly by 0800 hrs. From 0800-1500 hrs, 
Cu(3). At about 1530 brs, Cb(2) accompanied with thunder, but soon disappeared. Ac(2) at 1737 hrs. 
After evening, sky overcast with Cu and Cb. 

23- 5-1929. Cu and Fc(4) in the morning till 0700 hrs. Cu(8) from 0800-1100 hrs. Cu(3) from 1100 
hrs till evening. Cs appeared in the west at about 1730 hrs. By evening sky was overcast with Cu and 
Cb with lightning and thunder at intervals at a distance. 

24- 5-1929. In the morning, thin cirrus and patches of Fc present. At 0800 hrs, sky overcast with 
Cu and Fc. At 0900 hrs, Cu(2). Cu(6) from 1100 to 1700 hrs. By about 1730 hrs Cb had rapidly develop¬ 
ed, with occasional thunder at a distance, and cold northerly wind at surface. Cb(9) with Ci above from 
1745 to 1900 hrs, when fresh thunder clouds developed in the northwest accompanied with thunde^ 
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and lightning. Moderate rainfall from 1930-1945 hrs followed by rain at intervals till 2015 hrs. Light- 
ning and thunder continued till 2200 hrs. 

25-5-1929. Fc and Fs(8) in the morning till 0800 hrs. Cu(5) at about 1000 hrs. Cu(3) from 1200- 
1700 hrs. Ci(6) and Cu(2) at 1730 hrs, after which thunder clouds began to develop in the northwest. 
Later, sky was overcast with Ns and Cb with occasional lightning and thunder. Nor’wester accom¬ 
panied with heavy rain, lightning and thunder from 1830 till 1900 hrs. Thunder and lightning con- 
tinued till 2100 hrs. 

28- 5-1929. Fc and Fs(8) from 0600-0830 hrs. Cu(8) from 0900-1700 hrs. At about 1740 hrs, 
thunder clouds began to develop in the northwest direction. By abo it 1820 hrs, sky overcast with Cb. 
Thunderstorm, rain and cold northerly wind on the ground from 1820-1840 hrs. Lightning and thunder 
continued till 2000 hrs. 

29- 5-1929. Sky overcast with Fc and Fs from morning till 0900 hrs. Cu(7) from 0930 till 1400 hrs. 
Cu(4) from 1500-1700 hrs. At about 1800 hrs Ci(4) with Cb(l) developing in the western sky. Just 
after evening Cu and Cb(3), with thunder and lightning at a distance. Lightning was visible till 2300 

hrs. 

30- 5-1929. Cu (8) from morning till 1000 hrs. Ci(l) and Cu(6) from 1100-1400 hrs. At 1500 hrs 
thunder clouds developed in the southern direction accompanied with thunder and lightning. Sky 
overcast with Cb till 1630 hrs. Cu(2), Cb(3) and Ac(5) at 1700 hrs. At 1724 hrs, Ci and Cs(5) with Cu 
and Cb(5); also thunder at a distance. 


MGIPC—M—XI-1-1 -2-8-38--300. 


PLATE I. 



Fig. 1. Mean dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents in 
April, 1929. 



Fig. 2. Mean dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents in 
May, 1929. 
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Fig. 3. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents 
9th April, 1929. 



Fig. 4. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents 
5th April, 1929. 



Fig. 5. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents, 
21st May 1929. 
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Fig. 6. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents 
18th April, 1929. 
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Fig. 7. Mean dry and wet bulb temperatures, over Jhikargacha from 
sounding balloon ascents in April, 1929 compared with the 
normal values for April over Agra and Poona. 
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Fig. 8. Mean dry and wet bulb temperatures over Jhikargacha from 
sounding balloon ascents in May, 1929 compared with the 
nol*mal values for May over Agra and Paona. 
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PLATE III . 
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Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents, 
22nd April 1929. 
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Fig. 10. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents, 
14th April 1929. 
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Fig. 11. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents, 
20th May 1929. 
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Fig. 9. Dry and wet bulb temperatures over 
Jhikargacha from clown balloon ascents. 
19th May 1929. 


Fig. 13. Sketch showing the spreading of cold air after a thunderstorm, 
and the consequent change of lapse-rate. 























































Fig. 14. Dry and wet bulb temperatures over Jhikargacha from 
sounding balloon ascents, 16th April, 1929. 



Fig. 15. Dry and wet bulb temperatures over Jhikargacha from 
sounding balloon ascents, 13th May, 1929. 
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Fig. 20. Dry and wet bulb temperatures over Jhikargacha from 
sounding balloon ascents, 28th May, 1929. 
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THE GENERAL CIRCULATION OF THE ATMOSPHERE OVER INDIA AND 

ITS NEIGHBOURHOOD. v 

By 

K. R. Ramanathan and K. P. Ramakrishnan, 

(Received 21st December 1937). 

Summary .—The paper gives charts of mean air movement in each month over the Indian region at different heights 
up to 8 km derived from observations of pilot balloons at the observatories of the India Meteorological Department. As com¬ 
plementary to the charts of pilot balloon winds, which refer mainly to days of clear weather, charts of movement of low, medium 
and high clouds are also given for five months. Upper air temperatures deduced from the change of wind with height are also 
shown on the charts. The charts for the lower levels contain as insets wind-roses for selected stations. 

The chief features of the upper wind and temperature distribution in each month are described and their relation to the 
major climatological features such as monsoons and storms are pointed out. Some of the points discussed are :— 

(i) the boundaries between easterly and westerly winds in different montlis of the year, 

(ii) the influence of the Himalayas and adjacent mountain ranges on the circulation, 

(iii) the increase of temperature in the upper levels over regions of heavy rainfall, and 

(iv) the greater northward movement of air in cloudy weather than in clear weather. 

Tables of resultant and predominant winds as well as frequencies of directions of cloud movement are appended. 


Introduction. 

A discussion of the upper air movement in the Indian monsoons and its relation to 
the general circulation of the atmosphere was made in 1921 by Harwood 1 . Since then, 
much new knowledge of the upper atmosphere in India both as regards winds and thermal 
conditions has accumulated, and particular aspects of the question of atmospheric circula¬ 
tion have been considered in a few departmental publications. 2 *° 5 An important contri¬ 
bution has also come from Wagner. 6 In the present paper, a more complete survey of 
the whole problem is attempted with special reference to the gradual development of 
conditions from month to month. For the purpose of this discussion, charts of monthly 
mean stream-lines have been prepared from pilot balloon data for the levels 1, 2, 3, 4, 6 
and 8 km. These have been supplemented by charts of frequencies of wind at different 
levels, of frequencies of direction of movement of low, medium and hig;h clouds and of 
upper air isotherms which have been computed from the variation of pilot balloon winds 
with height. 

Monthly mean stream-line charts. 

The monthly mean resultant winds at a number of levels over each pilot balloon sta¬ 
tion under the India Meteorological Department are published annually. The resultant 
winds in each month used in preparing the wind charts given here are the means of all 
the morning observations till the end of 1931 or 1934. Data up to the end of 1931 only 
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have been used for the older stations; for those started in 1926 or after, data up to the 
end of 1934 have been used. The resultant monthly directions (D) and velocities (v) 
and the average speeds irrespective of direction (1) together with the number of ob¬ 
servations (n) at each level are tabulated in Appendix A.* The relative values of V and 
v convey an idea of the variability of wind, small values of vjV implying great variability 
and values approaching 1 implying great steadiness. The directions of the resultant 
monthly winds at the different pilot balloon stations have been plotted as arrows, the 
number of feathers on each arrow representing the strength of the wind on the Beaufort 
scale. Stream-lines have been drawn on the charts, but no attempt has been made to 
space them quantitatively. 

In the charts for 1, 2 and 3 km, wind-roses at some selected stations have also been 
given as insets. 

Frequencies of cloud directions. 

Pilot balloon data, by themselves, can give only a partial view of atmospheric cir¬ 
culation as the data would necessarily be lacking at a number of levels on days of cloud¬ 
ing. The deficiency will be greater, the higher the level considered. At many stations, 
in some months of the year, the pilot balloon data will therefore be unrepresentative of 
mean conditions; this can to some extent be corrected by considering the directions of 
cloud movements. Even then, on days with a large amount of low cloud, observations 
of middle or high clouds will generally be unavailable. 

Monthly percentage frequencies of movement of low, medium and high clouds at all 
the pilot balloon stations of the India Meteorological Department and at Bombay, Jaipur, 
Kodaikanal, Madras and Trivandrum have been published for the years 1926-35 in the 
* Annual Summaries ’ or in the * Upper Air Data, Part 13.’ From the above data, the 
average percentage frequencies of cloud movement for each month and for a large majority 
of the stations were worked out and plotted on charts. Tables of average frequencies of 
direction of cloud movement are given in Appendix B. These average frequencies are 
obtained by averaging the percentages in the different years ; no account has been taken 
of the difference in the number of observations from year to year. In this respect, the 
process of averaging differs from that adopted for pilot balloon winds where each observa¬ 
tion (and not each year’s average) was equally weighted. Charts of cloud movement 
have been added as insets in the stream-line charts of January, April, July, October and 
November—the charts of low cloud in 2 km, of middle cloud in 4 km and of high clouds 
in 8 km charts, j 

Isotherms in the upper atmosphere. 

The variation of wind with height has been previously made use of to a limited extent 
for the calculation of horizontal temperature gradients', 8 . This calculation is based 
on the assumption that, at each level, the geostrophic wind equation holds and that the 
variation of wind with height is due to a variation of pressure gradient which itself must 
be brought about by a horizontal temperature gradient in the intervening layer. 

* Data for 0-5 km above sea are also given in Appendix A ; but charts have not been prepared for 0*5 km. 

f The cloud charts for all the months except November are based on data for one or two years fewer than those given in 
Appendix B ; this fact, however, does not affect the main features shown by the charts. 

The frequencies of cloud directions are based on observations at 8, 12 and 16 hrs. till the end of 1931 and at 8 and 16 hr*, 
only in later years. 
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The procedure adopted for drawing the isotherms was as follows :— 

For each station, from the normal values of north and east components of wind at 
two neighbouring levels, for-example at 1 and 2 km, the east and north components of the 
horizontal temperature gradient (in °C per 100 km) for the layer 1-2 km was calculated 
by using the equations— 


i_ (jt \ = g _1_ dT 
dz \ T ) 2 co sin <p T 2 dy 

l \ = l 1 dT 

dz V T ) 2 o) sin <p T 2 dx 

where u and v are the components of wind velocity along the x and y axes (east and north) 
respectively and the other symbols have their usual meanings. 9 - 10 - 

It will be seen that T occurs in the equations, but approximate values of it are suffi¬ 
cient for this purpose, as small differences in the values employed will not affect the com¬ 
puted values of dT/dx and dT\dy to the order of accuracy otherwise attainable. The 
normal values of temperature obtained from sounding balloon ascents at Agra were used 
for stations in north India and those obtained at Poona or Hyderabad for stations in the 
south. The gradient calculated from the change of wind from one level to the next was 
taken to apply for a level midway between the two. Thus the gradient calculated from 
1 and 2 km winds was taken as relating to 1-5 km, that calculated from 4 and 6 km winds 
to 5 km and so on. 

The gradients in two perpendicular directions thus obtained were combined into 
a single vector and these vectors for all the stations charted. The chart for January for 
the layer 1-2 km (i.e., for the level 1-5 km) is shown in Fig. 1 as an example. Isotherms 
were then drawn on this chart remembering that (i) the isotherms should everywhere 
cut the gradient vectors at right angles and (ii) the spacing of successive isotherms should 
accord with the magnitudes of the gradient vectors. The actual values of temperature 
for these lines were then based on the mean temperatures at Agra 11 and Poona (or Hydera¬ 
bad) 12 and to some extent on those at Peshawar or Quetta. 13 In general, the differences 
between Agra and Poona agreed well with the gradients between the stations. From the 
charts of 1-5 km, 2-5 km, etc., the vertical lapse-rates of temperature for each station 
were tabulated and, combining these with the temperatures at these levels, the tempera¬ 
tures at the standard levels, namely 1, 2, 3, 4 and 6 km, were calculated. These were 
plotted on charts and smoothed isotherms drawn. On individual days, with a changing 
system of isobars, it would not be permissible to assume steady-state conditions to cal¬ 
culate pressure and temperature gradients. Even when we are considering the mean 
conditions over a place and the data are based on a large number of observations under 
different weather conditions, the method cannot be expected to give accurate absolute 
values of temperature in different parts of the country nor give definite information about 
inversions, but nevertheless, they will give a broad indication of the general temperature 
distribution in the atmosphere both in the horizontal and vertical directions. 

The isotherms have been shown in the stream-line charts themselves in broken 
lines. The temperature values are in degrees absolute, with the hundreds figures omitted. 
The combined charts of stream-lines and isotherms have been found to be illuminating 
regarding the properties of air coming over a place at different levels. 
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Main features of upper wind and temperature distribution in the different months. 

JANUARY. 

Considering the area as a whole, winter conditions are riiost marked in this month. 
Tropical storms are very rare in the neighbouring seas and, when they do occur, they are 
of moderate or slight intensity, affect only the extreme south of the area, generally south 
of lat. 13°N. and move in a westerly to northwesterly direction. Disturbances of the 
temperate latitude type, and often occluded, traverse north India with more or less 
regularity from west to east. The effect of these disturbances is greatest in Kashmir and 
the hills of the north and east Punjab. 

Upper Winds. 

1 km. —The circulation at 1 km is very similar to that at the surface. 14 The main, 
features are :— 

(i) The slow drain of cold air from Persia and Baluchistan towards the neighbour¬ 

ing seas and from and along the Himalayas towards the head of the Bay of 
Bengal. Note the flow of air down the Brahmaputra valley towards north 
Bengal and the extremely weak wind at Rangpur. Along the Mekran Coast, 
weak easterly winds (SE, E and NE) are frequent at 0-5 and 1 km above sea 
level. 

(ii) The curving of the north Indian air round the anticyclonic region which extends 

from Gujarat to Orissa. The anticyclone is more intense over land than 
over the neighbouring seas. 

(iii) The presence of an easterly current in the south of the Bay and of the Penin¬ 

sula. In the middle of the Peninsula, the easterly stream is mainly anti¬ 
cyclonic continental air, while, as we go farther south, the air although of 
continental origin has passed for longer and longer distances over the sea. 
The air which enters the Bay of Bengal from the north or east and moves 
towards the south of the Peninsula will pick up moisture on its way and being 
less subject to nocturnal radiation cooling near the ground, will progressively 
gain in latent instability. Even in the south of the Bay, the air which 
crosses over to the Bay from the eastern side of Tenasserim is on most occa¬ 
sions continental air which has travelled round the anticyclone in Siam and 
Cochin China. 

The mean velocities at 1 km in most parts of the area are of the order of 2 m/s. Velo¬ 
cities of over 4 m/s occur in the lower end of the Gangetic Valley, in the south of the 
Peninsula east of the Ghats and in the south of the Bay. 

2 km.— At 2 km the effects of local radiational cooling are less marked, but the control 
exercised by the high mountain system in the north of the country remains strong. Note 
for example the weakness of wind at Quetta, Lahore, Peshawar, and Tezpur and the large 
wind-velocities (exceeding 8 m/s) in the Gangetic valley, in the United Provinces, Bihar 
and Bengal. The anticyclone is still stronger over land than over the neighbouring sea 
but the flow of air from the north of the Central Indian anticyclone to its south is less 
pronounced than at 1 km. 

3 km.— At 3 km, the influence of the lower ranges of mountains such as the Sulaimans 
and the Kirthars is becoming unimportant but that of the Himalayas continues strong. 
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The westerly winds have everywhere increased in strength, without any appreciable 
change in the position of maximum velocities (12 m/s at this level). The anticyclonic 
belt has moved southward and the easterly winds in the south of the Bay have weakened. 

4, 6 and 8 Ion _With increasing height, the westerly circulation becomes stronger 

and more and more zonal and the anticyclonic belt is gradually pushed southward. Even 
at 4 km, the control exercised by the Hindukush and the Himalayas is large, as will be 
seen by the weakness of winds at Lahore, Peshawar and Simla compared with those at 
Quetta and Agra. The normal wind velocity at 4 km at Quetta is 7 m/s, while at Pesha¬ 
war it is only 4 m/s. At 8 km, which is well above the average height of the Himalayas, 
while there is little difference of wind velocity between Quetta, Lahore, Simla and Pesha¬ 
war, the zone of maximum wind strength remains at 25-27°N. This does not appear to 
be a mere effect of the Himalayas in obstructing the air movement but is a feature of the 
upper air circulation in winter caused by the distribution of temperature. 

Cloud Winds. 

Comparing cloud winds with pilot balloon winds at corresponding levels, the most 
important feature is the greater frequency of occurrence of southerly components of wind 
during cloudy weather. This is particularly evident at the low-cloud level in the Punjab 
and at all levels in the Deccan, north-east India and Burma. In a general way, it may be 
said that in cloudy weather, the anticyclone is on the mean displaced eastwards and the 
easterly air in the south of the Bay tends to move north and northeastwards and join the 
westerly stream of upper India. 


<SL 






Some local peculiarities of wind structure. 

(a) Winds in the Punjab. —The plains of the Punjab, being enclosed on their west, 
north and east by high mountains and open towards the south, form a sheltered area 
for wind at levels below the surrounding mountains. A little farther south, the westerly 
winds are less restricted in their movement, and there is consequently a tendency for a 
cyclonic vortex to be formed in the Punjab especially when there is an acceleration of 
wind as in front of an advancing depression. Southerly winds are more frequent in 
the east Punjab than in the west and precipitation is also heavier on the hills on the east¬ 
ern side. It is instructive to compare the frequencies of winds from different directions 
at Agra, Lahore and Simla, ( Table 1). 

Table 1. 

Percentage frequencies of winds from different directions, in January. 
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Percentage frequencies of winds from different directions , in January —contd. 
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The greater frequency of winds from southerly directions at Simla and Lahore may 
he noted. 

(6) Katabatic winds in the Brahmaputra valley. —Mention has already been made of 
the katabatic winds in the Brahmaputra valley. The direction of this valley, which 
runs approximately against the direction of the prevailing upper winds, favours the 
maintenance of these winds. A stable stream of fluid flowing towards the closed end of a 
channel will partly flow over the end wall, but the accumulation of fluid on the upstream 
side of the wall will also set up a return eddy current. When the sides and tops of the 
surrounding hill are d eferentially cooled (by the effect of radiation) the flow of cooled air 
down the hill slopes will facilitate the return flow. The easterly current is generally more 
than 2 km thick at Tezpur, which lies near the middle of the valley, and about 1 km thick 
at Rangpur near the mouth of the valley. Naturally, both the thickness and strength of 
the current will be variable, depending on the strength of the upper current and the stabi¬ 
lity of the air. At the interface between the westerly upper current and the easterly 
lower current, waves will easily form just as in the ‘ Totwasser ’ of Norwegian fjords. 15 
Aeroplanes would therefore experience bumpiness near the places and levels where the 
easterly and westerly streams meet. The following table ( Table 2) gives the frequencies 
of winds from different directions at 0-5, 1,. 2 and 3 km in January 1930, at Tezpur, Rang¬ 
pur and Patna. 
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Table 2. 

Frequencies of wind from different directions at Tezpur, Rangpur and Patna in January, 1930. 
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These valley winds are most marked in the winter months November to February. 
Similar but shallower return currents also form in the Silchar valley. 


Temperature Distribution. 

At all levels up to 6 km, the temperature generally decreases towards the north. 
At 1 km, there is an area of maximum temperature lying over the Deccan and an area of 
weak horizontal gradient in north-west India. As the height increases, both these features 
become less and less prominent and ultimately disappear leaving a simple system of 
temperature distribution, the temperatures decreasing towards the north with gradually 
increasing horizontal gradients. 

Thick incursions of moist air in the south of the Bay from across Tenasserim, which 
occur very occasionally, lead to the formation of a warm front between this air and the 
north-easterly streams blowing towards the Madras coast from the head of the Bay. 16 

FEBRUARY. 

Conditions in February are generally similar to those in January and we shall not 
give a detailed description of them. 


c 
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MARCH. 

March is also a month of settled weather over the Indian seas. Western disturbances 
continue to pass eastwards across north India. The surface pressure gradient is weak 
over most of the area. 

Upper Winds. 

The ma n difference of upper air conditions in March from those of January is the 
setting up of an inflow of wind from sea to land in the coastal districts in the first one 
kilometre. This is better shown in the afternoon wind charts which are however not 
reproduced here. The highest temperatures at the surface and at 1 and 2 km occur in 
the middle of the Deccan in latitudes of 15-17°N. The stream-line chart at 1 km shows 
air in Gujarat and Bombay Deccan flowing southward, while along the east coast of the 
Peninsula it moves northward. Occasionally, this causes even the winds in South Bengal 
and Assam to flow northeastwards towards the hills. This is more marked in the succeed¬ 
ing months April and May. - 

In Burma also, ground heating is responsible for the development of a shallow low. 
The winds at Akyab at 1 km remain northerly to northwesterly, while those at Rangoon 
and Mandalay show that the mean air movement in the Irrawady valley has become 
southerly. 

On the Mekran and Sind coasts there is a slight increase of wind strength at 1 km 
compared to the previous two months. 

In spite of the marked difference in the stream lines at 1 km between January and 
March, the difference is small at 2 km and above. The only noteworthy changes are the 
decrease of wind strength in the region of westerly winds and an increase of strength of 
the northeasterly to easterly winds in the south of the Peninsula at 3 and 4 km. 

Temperature Distribution. 

As regards temperature distribution, there is a closed region of high temperature in 
the Peninsula at 1 and 2 km. At higher levels, the temperature regularly decreases 
towards the north. Temperature gradients are weaker than in January. At 6 km over 
the same latitude, the isotherms indicate slightly higher temperatures when the air has 
been over sea than over land. 

APRIL. 

In April, storms originate occasionally in the Bay of Bengal between latitudes 10° 
and 15°N, especially in the latter half of the month, and generally move northwards and 
northeastwards towards the Arakan coast. The closed area of high temperature in the 
middle of the country is more intense and deeper than in March and is displaced slightly 
northward. There are corresponding alterations of air movement in the first two kilo¬ 
metres, the southerly component of wind at 1 km being stronger all along the east coast, 
in Bengal and in Burma and the northeasterly winds at 2 km in the south of the Peninsula 
being weaker. As these features become more pronounced in May, we shall pass on to 
consider the conditions in that month. 

MAY. 

Storms in Indian seas are common in this month. In the Bay of Bengal, they origi¬ 
nate between latitudes 10° and 15°N. They generally have a northwesterly course in the 
beginning of their career, which later changes to northerly and still later to northeasterly. 
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The majority of them strike land on the Arakan coast, but many strike the Madras and 
Orissa coasts also. Once they reach the Indian eoast, they show little tendency to pene¬ 
trate inland but move parallel to the coast northeastwards as weak depressions. In the 
Arabian Sea, they generally move northwestward towards the Arabian coast. The 
monsoon usually breaks on the Malabar coast in the last week of May and in Tenasserim 
in lower Burma a few days earlier. The advances of the monsoon along the west coasts 
of India and Burma are often accompanied by storms. 

Upper Winds. 

1 km —In May, the area of highest temperature at the surface, and at 1 and 2 km 
lies in an elongated form, running from Central India to Baluchistan and Persia. With 
the northward shift of the area of maximum temperature the system of coastal winds 
at 1 km in the Peninsula gets transformed into one of northwesterly to southwesterly 
winds traversing the whole breadth of the Peninsula, and the winds in the Persian Gulf, 
the Mekran and Sind coasts and the whole of the Peninsula become steadier and stronger. 
This is the first stage in the transformation of local land and sea-breezes into the south¬ 
west monsoon system of circulation. 

In Bengal and Assam also, the afternoon southerly to southwesterly breezes which 
begin even in March, gain in steadiness and strength in April and May, the mean velocities 
of morning winds: at 1 km in May being about 6 m/s. 

2, 3 and 4 km —2, 3 and 4 km may advantageously be considered together. At all 
these levels, the main points of difference from April are (i) the more frequent incursion 
of southerly and southwesterly winds in the south of the Bay of Bengal, (ii) the increased 
flow of air into the Peninsula and the west Bay of Bengal from north India and (iii) the 
marked weakening of the westerly to northwesterly winds at these levels in Bengal and 
Assam. Table 3 gives the mean percentage frequencies of winds at 2 km in April and May 
at Waltair, Madras and Port Blair, which show clearly that while in April the frequencies 
of winds from different directions at Port Blair and Madras are similar, in May there is a 
greater frequency of southerly winds at Port Blair and of northerly winds at Madras. 


Table 3. 

Percentage frequencies of winds from different directions at 2 km. 


— 

N 

NE 

E 

SE 

S 

sw 

w 

NW 






April. 





Waltair . 

• 

• 

14 

4 

4 

4 

11 

• • 

ii 

23 

Madras . 

• 

• 

6 

28 

37 

19 

2 

2 

5 

1 

Port Blair 

• 

• 

7 

, 22 

36 

14 

3 

8 

5 

5 





r • . ■ . 

May. 





Waltair . 

• 

•• 

6 

L v v 

6 

• • 

12 

• . 

12 

29 

36 

Madras . 
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• 

18 

23 

13 

8 

2 

2 

8 

21 

Port Blair 

• 

• 

10 

5 

12 

15 

6 

13 

17 

12 
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At all these levels and also at 6 km, the sweep of the northwesterly continental winds 
normally extends over an area bounded on the South by a line running from the north of 
Ceylon to Pegu in Burma. Storms in this month usually form a little to the south of 
this line. 

6 and 8 km —The westerly winds at these levels throughout north India have dimi¬ 
nished in strength, the decrease being most marked over Bengal and Assam. For example, 
the mean wind velocity at 6 km over this region is 12 m/s in April and 8 to 4 m/s in May, 
the velocity decreasing towards the east. 

Temperature Distribution. 

Upper air temperatures in this month (May) show some very interesting features. As 
mentioned already, at the ground, 1 and 2 km, the area of maximum temperature lies over 
Central India, Sind and Baluchistan. The temperature falls most rapidly towards Bengal 
and Assam and also towards the south-east Bay of Bengal. At 3 km, while the area of 
highest and lowest temperatures remain over Baluchistan and Assam respectively, the 
gradients have become much weaker. At 4 km, the distribution of temperature is some¬ 
what similar to that at 3 km, but the area of lowest temperature has moved westwards 
from Assam towards the United Provinces and the rate of fall of temperature from the 
south Bay towards the north has increased. At 6 km, the highest temperatures are over 
Assam and upper Burma and the lowest over the Punjab and Kashmir—almost a com¬ 
plete reversal of the distribution in the first 2 kilometres. 

The high temperature of the atmosphere at 6 km (and presumably also at higher 
levels) over south Bengal, Assam and upper Burma is no doubt to be attributed to the 
heat energy released in the upper atmosphere by the frequent thunderstorms which occur 
in April and May in north-east India and upper Burma. As the prevailing winds at 
these levels are westerly to northwesterly, it may be expected that the area of highest 
temperature would be displaced slightly down-stream. 

In the light of the upper air information clearly brought out by the charts, a few 
remarks may be made regarding two conspicuous weather phenomena of this month, name¬ 
ly, the occurrence of Nor’wester thunderstorms in Bengal and the origin of pre-monsoon 
storms in the Bay of Bengal. 

In trying to explain the Nor’westers of Bengal, Blanford wrote : “ In March and April 
too, they (northwesterly winds) frequently blow, as dry winds, right across north India to 
Bengal, but are rarely felt in the Gangetic delta itself since they pursue their eastward 
course at the higher level attained on the Chota Nagpur plateau, while the sea-winds 
from the coast creep in beneath and eddying with the westerly winds, give rise to the local 
storms called Nor’westers, which are so characteristic of the spring months in lower Ben¬ 
gal ”. 17 Mere eddying cannot give rise to the enormous energies released in these thunder¬ 
storms and we have to seek further eauses for the occurrence of these phenomena. The 
stream-line charts and wind-roses in May show that air in the first kilometre, though of 
continental origin, has passed over distances up to about 1,500 km over the Bay of Bengal 
(and perhaps also a similar distance over the Arabian Sea before entering the north of the 
Peninsula); but the air at 2 to 4 km most frequently comes straight from north-west 
India. The effect of the passage of the surface layer of air over the sea is to convert part 
of its heat energy into energy of moisture-content. This addition of moisture in the 
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lowest layer is very important from the point of view of possible thunderstorm formation. 
An inversion would however form between this surface layer and the drier northwesterly 
air above. During day owing to solar heating further energy is added to the surface air 
in the form of temperature increase ; there is an increase of lapse-rate in the surface layers 
and the inversion is reduced in intensity or even gets wiped out enabling a penetration of 
moisture above the original level of the inversion. 

Above 4 km, we note that northwesterly winds are less common, the direction of 
maximum frequency of upper wind at Calcutta being westerly at 6 km and southwesterly 
at 10 km. We also note from the charts of isotherms that at 6 km, the air over Bengal is 
markedly warmer than that over north-west India. There is little doubt that this is true 
at 8 and 10 km also. The increased temperature in the higher layers would only have the 
effect of increasing the comparative stability of the atmosphere over Bengal. How then 
does it come about that in this month thunderstorms in Bengal are more common and 
violent than those eisewnere ? The concentration of energy exists essentially in the 
accumulation of water vapour in the lower atmosphere, the persistence of the southerly 
stream in the first kilometre keeping up the supply of moisture. But before the energy 
can be made available, the stability of the upper atmosphere must first be reduced by re¬ 
placing the air at the upper levels by cooler air (the wind-roses suggest that this generally 
happens at 6 km and above) and by breaking down the inversion between the southerly 
moist surface air and the superincumbent drier air. To some extent, the breaking down 
of the inversion takes place every afternoon by the effect of insolation and the thickening 
of the southerly stream owing to sea-breeze. The fact that the thunderstorms do not 
happen every day shows that the replacement of the warmer air above 6 km by colder 
air occurs only in spells. When a deeper surface stream enters Bengal, as for example 
owing to the effect of a depression and this happens to coincide with a fall of temperature 
above 6 km, the release of energy will naturally be greater.* 

Pre^M3nsoon Storms, 

For the formation of storms in the Bay of Bengal in this month, the import¬ 
ance of the flow of north-west Indian dry air at 2 to 6 km into the Bay of Bengal has 
been pointed out in a paper on pre-monsoon storms by one of the authors and Banerjee. 18 
The isotherms at different levels show that rapid flow of air at 6 km. from northwest India 
into the Bay will lead to extensive cooling at the top and hence to instability. The 
storms are often associated with an inflow of moist air from some southerly direction of 
more than 3 km thickness. But whether this inflow is a necessary preliminary for the 
formation of storms has not yet been ascertained. 

JUNE. 

Before the middle of June, the southwest monsoon normally advances to Bombay 
on the west coast and penetrates into Burma, Assam and Bengal. By the end of the 
month it generally affects the whole country except the region west of Raj putana and the 
Punjab. 

* A lucid discussion of “ latent instability ” and the energy realisable from it is contained in Dr. C. W. B. Norraand’s pre¬ 
sidential address on “ The Sources of energy of storms ” before the Mathematics and Physics Section of the Indian Science Con¬ 
gress, January 1938 (Proc. Ind. Sci. Congr., 1938). Mr. G. Chatterjee and Dr. N. K. Sur have also recently discussed (Mem. 
Ind. Met. Dep. Vol. 26, Part 9) the upper air conditions over Bengal in the Nor’wester months with particular reference to 
latent instability, 
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Storma in the Bay of Bengal in this month usually originate or strengthen in the 
extreme north of the Bay where the northwesterly winds from land reach the southwester¬ 
ly winds at 2 and 3 km. 

Temperature Distribution. 

As in May, the region of highest temperature at 1 km lies over north-west India and 
the temperatures fall towards south and east. The gradients are larger than in May. 
The lowest temperatures lie over the south-east Bay of Bengal and probably also over 
the south Arabian Sea. With increasing height, the gradient decreases, and at 4 km 
there is practically no difference of temperature between different parts of the country. 
At 6 km, the gradients are reversed, the highest temperatures being over Assam and 
the lowest over the N. W. Frontier Province. In the north Arabian Sea also there is a 
temperature fall towards Baluchistan and Persia. The winds at 2 and 3 km coming into 
the north-west corner of the Bay of Bengal from Rajputana and the United Provinces 
will therefore be bringing air warmer than the southwesterly air, while at 6 km and above 
the air coming from the south and east will be warmer than the air from the northwest. 

JULY. 

Upper air conditions in this month have been fairly exhaustively discussed in a 
previous paper by the authors. 4 'We would, however, like to direct attention to a few 
points. 

(i) The heat low over north-west India is shallow, the cyclonic circulation at 1 km 
being replaced by an anticyclonic circulation at 2 km and above. The 
low pressure trough parallel to the Gangetic valley is deeper and is progres¬ 
sively displaced towards the south as the height increases from 1 to 4 km ; it 
practically disappears at 6 km. 

(ii) At 3 km and above, the boundary between the old monsoon air and the northerly 
air from Persia and Afghanistan lies in a northeasterly direction a little to 
the south of Karachi. The winds at Karachi at 3 km and above aHre 
abnormally strong and this feature is perhaps due to the convergence of 
air from two different sources. 

(iii) Cloud winds show only small differences from pilot balloon winds at corre¬ 
sponding levels. Comparing low cloud directions with winds at I km, it is 
seen that the former show a greater frequency of easterly than westerly winds 
in the United Provinces and the Punjab. The middle cloud movement 
corresponds to the mean of the pilot balloon movements at 4 and 6 km. 
High clouds move similarly to pilot balloon winds at 8 km, but the easterly 
winds in north India push farther westward, the cirrus winds in the Persian 
Gulf showing a greater frequency of easterlies. 

Temperature Distribution. 

At 1 km, the main feature of the distribution is the regular fall of temper¬ 
ature eastward from Baluchistan to Assam and Burma and southward along the west 
coast of the Peninsula towards Malabar. At 2 km, the isotherms have changed their 
direction running now from WSW to ENE. At 3 km the excess of temperature in 
north-west India over that in the north-east has vanished and latitude for latitude. 
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temperatures in the eastern part of the Bay of Bengal are higher than those over the 
east Arabian Sea. At higher levels, the relative warmth over north-east India 
increases, with the result that at 6 km the highest temperatures are found over Bengal 
and the United Provinces. By the time that the monsoon air arriving in the lower levels 
in the south Arabian Sea and south-west Bay of Bengal as the south-west monsoon has 
moved up to this region, it has shed a considerable fraction of its moisture and converted 
its energy of moisture-content in the lower levels to energy of temperature in the higher. 

AUGUST. 

The monsoon has its farthest northward extension in August. Both in July and 
August, depressions either originate in the Bay of Bengal off the Orissa-Bengal coast or 
develop there out of low pressure areas which cross over from the China Sea across Burma 19 . 
They generally move in a west-northwesterly direction to the eastern side of the Aravallis 
and, after a day or two of persistence there, move either towards the Punjab or cross over 
to Sind. The very small area within which different depressions originate or strengthen 
and the narrowness of the belt along which they travel are noteworthy. 

The wind and temperature distributions of August do not show any essential differences 
from those in July. 

SEPTEMBER. 

The southward movement of the monsoon begins about the end of August; by the end 
of September the monsoon is confined to the east and southeast of a line running approxi¬ 
mately from Bombay to Shillong. The retreat is effected by the pushing back of the moist 
currents by drier air from the north-west. Depressions or storms are fairly common in the 
Bay of Bengal; the region where they originate or strengthen is more widely spread out 
than in July or August. 

Upper Winds. 

1 km.—With the southward retreat of the sun, and the increased nocturnal radiation 
from the Asiatic plateaux the region of highest temperature in the first kilometre is 
displaced eastwards from Baluchistan and Sind and now lies partly over Rajputana. The 
Punjab, Sind and Rajputana are over-run by weak northwesterly winds. The shallow 
cyclonic circulation which lay over Sind in the previous three months, exists now at 
1 km in a feeble form over the east United Provinces and Bihar. In the rest of the 
country, the mean winds are nearly the same as in July but are weaker everywhere and 
inclined to be more northwesterly in the Peninsula. 

2 km.—The circulation at 2 km shows cyclonic movement over the northwest of the 
Bay. Northwesterly or northerly air cover the whole land area west of the United Pro¬ 
vinces and Central India. Occasionally, the northwesterly air reaches out to the Bay. 

3 and 4 km.^-At 3 and 4 km, the northwesterly land air penetrates farther south into 
the Peninsula. The southwest monsoon current has weakened considerably and there are 
only feeble southerly currents in the eastern half of the Bay, Burma and north-east India. 
In keeping with the diffuseness of the semi-permanent cyclonic circulation at all these levels, 
caused no doubt by its position away from the mountains to the north and north-east, 
diffuse depressions often develop over the Bay of Bengal, move slowly westwards across 
the Peninsula and emerge into the Arabian Sea giving rise to widespread rainfall 
associated with thunder. The rainfall is generally confined to the east of the region of winds 
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of north-westerly origin and the separation between the region of rain and no rain is often 
very sharp. 

6 and 8 km —The southerly stream over the east Bay of Bengal and Burma has 
vanished at 6 km and been replaced by a general easterly current similar to what we had 
in July and August but now confined to latitudes south of 23°N. Over the Punjab, the 
westerly circulation of temperate latitudes has already invaded and a saddle-shaped system 
of stream-fines is formed over north India with northwesterly air moving southwards over 
Iraq, Persia and Baluchistan to join the easterlies over the Arabian Sea and with the easterly 
tropical stream in lower Burma and the Bay turning northward and changing to westerly 
over north-east India and upper Burma. The stream-fines at 8 km are similar, but there 
is a marked strengthening of the westerly winds over the Punjab. The tropical easterlies 
also show increase in strength, though less conspicuously than the westerlies in the north. 

Temperature Distribution. 

The upper air temperature distribution in September is qualitatively similar to that 
in July or August but shows some changes as regards the positions of the highest and 
lowest temperatures and the magnitudes of the gradients. At 1 km, the warmest air lies 
over northwest India, but displaced eastwards ; and the coldest is over lower Burma and 
the south-east Bay of Bengal. At 2 km. the direction of the gradients changes to more 
nearly north and south. A separate centre of high temperature makes its appearance over 
north-east India at 3 km. There is no horizontal gradient to speak of at 4 km, but 
strong gradients have developed in northwest India at 6 km with temperatures falling 
towards the northwest Frontier. 

OCTOBER. 

In this month, air currents of land origin cover northwest and central India and a good 
part of the Deccan and the monsoon has definitely withdrawn from most parts of north 
India and from the central parts of the country. October and November are the months 
when severe storms are most frequent both in the Bay of Bengal and in the Arabian Sea. 
In October, the storms generally originate south of latitude 16°N. They are often conti¬ 
nuations of storms in the China Seas which enter the Bay of Bengal across Tenasserim. 

The most striking feature of the stream-lines of this month is the greater strength of 
the north and south components compared to those of the east and west at 1, 2 and 3 km. 

1 I™*—At 1 km, air flows from north to south in regions lying approximately to the 
west of longitude 85° and from south to north to its east. A feeble cyclonic circulation 
exists in the Bay of Bengal off the Carnatic coast, the weakness of the resultant winds in 
this region being chiefly due to the variability of wind. 

2 and 3 km —At higher levels, the westerly winds in north India push through to 
Bengal and Assam and a system of saddle-shaped stream-lines develops with its neutral 
point over the Bay of Bengal. The development of depressions in the Bay is usually 
accompanied by an influx of southerly to southeasterly winds in the Andaman Sea. The 
following table (Table 4) giving the percentage frequencies of wind over Madras and Port 
Blair at 1, 2 and 3 km is instructive as showing the variability of wind direction at the 
two places. 
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Table 4. 

■Percentage frequencies of winds from different directions at Port Blair and Madras. 



n. 

N. 

NE. 

E. 

SE. 

s. 

sw. 

w. 

NW. 






Port Blair. 





1 km 

* 

109 

3 

6 

18 

10 

8 

21 

19 

8 

2 km 

• 

96 

4 

5 

18 

12 

13 

15 

18 

4 

3 km 

• 

84 

6 

13 

21 

12 

6 

16 

13 

5 






Madras. 





1 km 

• 

103 

14 

31 

10 

2 

5 

8 

11 

18 

2 km 

• 

101 

29 

20 

12 

3 

0 

7 

11 

14 

3 km 

• 

90 

14 

12 

14 

4 

2 

4 

20 

22 


4, 6 and 8 km. —At still higher levels, the westerly winds in north India rapidly gain 
in strength and also encroach towards lower latitudes. In the south of the Bay, the winds 
become systematically easterly. As a result,, the zonal movement becomes more important 
than the meridional. 

Temperature Distribution. 

The horizontal gradients of temperature are generally very weak in this month, 
especially in the first three kilometres. At 1 km, there is a weak gradient of falling tem¬ 
perature from Central India and the west United Provinces towards the Bay of Bengal. 
Even this gradient vanishes at 2 km. At 3 km, a temperature rise towards the south 
is noticed in the extreme north of the country ; this extends southwards at 4 km towards 
the Bay of Bengal. The same kind of distribution exists also at 6 km, but the gradients 
are stronger in north India. 

NOVEMBER. 

November is the month in which the north-east monsoon is most active in the south 
Bay of Bengal and the east Madras Coast. It is also a month of severe storms in the Bay 
of Bengal, their places of origin or strength being generally south of latitude 13°N. 

Upper Winds. 

1 and 2 km —Compared with October, there is an increase of mean wind velocity in 
all parts of the country except on the Mekran and the Persian Gulf coasts. Valley winds 
are conspicuous in Assam between the Khasi hills and the Himalayas both at 1 and 2 km. 
The land air from north-west India curves round the high pressure area in the central parts 
of the country and traverses the middle of the Peninsula as a northeasterly current. The 
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wind directions in the south Bay and on the Madras coast have become definitely easterly 
and north-easterly and the wind speeds are also higher. When the north-east monsoon is 
active, these easterlies are generally a continuation of the NE trades of the Pacific as is 
shown by the upper air wind roses at Manila and Guam 20 and the rainfall distribution in 
Siam and Cochin-China. At intervals between spells of activity, the Chinese anticyclone 
tends to spread towards the south in Cochin-China and Siam. When storms in the Bay 
approach the Madras coast south-westerly winds are sometimes stimulated m the extreme 

south of the Peninsula and in Ceylon. . , , 

3 to 8 km— With increasing height, the north-westerly and westerly winds of north 

India gradually strengthen and extend southwards and the deformation field of velocity 
becomes more and more pulled out along the latitudes. A comparison of the circulations 
in north-east India and Burma in October and November shows that the supply of easterly 
trade air from the south of the Bay is more easily deflected northwards in the former month 

than in the latter. . __ . , 

When storms from the Gulf of Siam enter the Bay of Bengal in November and re¬ 
curve towards the north and north-east, we observe that their movement corresponds more 
nearly to the mean upper air movement in October than in November. 

Temperature Distribution. 

In this month, north India has definitely become cooler than the south at all the levels 
considered. At 1 km, rising gradients in the Bay are from north-west to south-east, but 
at higher levels, they are everywhere from north to south. At 3 km and above, the 
gradients south of 20«N are very weak. There is just a suggestion of maximum temperature 

in the middle of the Bay at 4 km. 


DECEMBER. 

From November to December the main change that occurs is the southward movement 
of the region of westerly winds which is very evident in the charts at 3 to 8 km. There 
is simultaneously a southward retreat of the easterly moist sea winds in the south of the 
Bay in the lower levels although it is not clear from the wind charts alone that part of the 
easterlies at 1, 2 and 3 km in December is derived from the anticyclomc air of Cochin- 

China and Siam. 


Discussion of the main features of the circulation. 

It would be useful to summarise the important features of the circulation which 
are brought out by this survey. The area studied extends roughly from latitude 8°N to 
35°N and longitude 50°E to 100°E and includes part of the tropics, the sub-tropics and 
part of the temperate regions. 

(i) The most striking feature of the circulation is the regular seasonal northward 
and southward movement of the upper wind system. The movement 
cannot correctly be described as meridional; in the summer half of the year, 
the singularities of the system move from south-east to north-west and back, 
while in the other half, the movement is mainly meridional. The following 
table gives the latitudes at which the west-east component of wind vanishes 
at different heights above sea-level over the longitude of Agra, viz., 78°E. 
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Table 5 . 

The maximum northerly latitude to which easterly winds extend {Long. 78°E). 


Height (km.) 

Latitude 
(degrees north). 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Deo. 

0 

25 

25 

25 

X 

X 

X 

X 

X 

X 

24 

24 

24 

i 

21 

21 

20 (?) 

X 

X 

X 

X 

X 

X 

25 

25 

24 

2 

18 

17 

18 

18 

X 

X 

X 

X 

26 

23 

23 

20 

3 

16 

16 

17 

18 

18 

22 

30 

30 

26 

23 

21 

18 

4 

15 

15 

16 

18 

18 

22 

29 

30 

26 

20 

19 

16 

6 

12 

12 

13 

14 

17 

21 

29 

29 

25 

19 

17 

15 

8 

11 

11 

11 

11 

15 

21 

28 

29 

24 

18 

16 

12 


The smallness of the meridional shift, from month to month, of the transition zones 
in the upper air during the dry period from December to April (and even in May) is remark¬ 
able and shows that the radiational cooling of the ground in winter and the insolational 
heating in the hot season do not make any profound modification in the circulation. The 
big changes come in only with the advent and northward penetration of moist air and 
attendant rainfall in June and July. 

Ground heating by itself rarely affects upper air conditions to a height greater than 
4 km, ground cooling affects them to a much smaller height. When ground heating is 
combined with supply of moist air in the lower layers important modifications take place. 

(ii) A very striking feature of the circulation in this region throughout the year is 

the great influence exercised by the mountain system on the north up to a 
level of 6 km. This is seen alike in the mean movement of air parallel to the 
Himalayas during the winter and hot season, and in the existence during 
this period of a region of maximum wind strength up to 6 km in the east 
United Provinces and Bihar and also in the localisation of the monsoon 
low to within the confines of India. 

(iii) Regions of heavy rainfall become regions of high temperature and also of diver¬ 

gence of air in levels above 6 km. Stream line and temperature charts in 
May to September provide examples of this. 

(iv) During winter and hot season, the pilot balloon winds show that, on the mean, 

the winds of the westerly circulation of the higher latitudes turn towards the 
south and southwest and join the easterly circulation. In cloudy weather 
in this period the opposite is the case, air coming from the east turning towards 
the north and northeast. Cloud winds generally show a longer meridional 
stretch than pilot balloon winds. 

West of longitude 70°E, the mean air movement over the land areas as shown by 
pilot balloon winds is in all the months northerly, carrying air from higher to lower latitudes. 
Even cloud winds do not show any large movement from the south except during the post- 
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monsoon period and, considering the small frequency of clouds in this region, ft appears 

that on the aggregate the net transport of air is from north to south in this region up to a 
height of 8 km. 

In a similar way, there is little doubt that east of longitude 90°E, the net effect of 
the circulation is to transport air from south to north during the period January to October. 

Pilot balloon winds at higher levels over Poona show that, even in the dry season, there 
is on the aggregate a poleward flow of air above 8 km.* 

We shall now make a brief comparison of upper air conditions in this region with 
conditions in corresponding latitudes in some other parts of the northern hemi¬ 
sphere. 

The semi-permanent sub-tropical anticyclones of the northern hemisphere are located 
at ground-level during winter at latitudes varying from 25°N to 35°N over the oceans and 
extend over neighbouring land areas (we are excluding from our consideration the great 
continental anticyclones which lie north of latitude 40°N over Asia and North America). 
According to the charts of cirrus movement prepared by van Bemmelen, these anti¬ 
cyclones exist in the cirrus level (and during cirrus weather) in winter over latitudes 
varying from 15° to 20°N. Over India and neighbouring regions the position of the 
winter anticyclone is about 25°N at the ground, 16—18°N at 2 to 3 km and 11-12° N at 
8 km. They are thus located at lower latitudes over India and its neighbourhood. 

In Figs. 3 to 8 are shown the distribution of westerly and easterly components of winds 
at different levels and at latitudes varying from 10° to 30°N over the meridian 78°E. The 
charts are drawn for six months of the year. The values of the W-E wind components 
in metres per second are given by the figures in the appropriate places, positive values signi¬ 
fying easterly winds and negative values westerlies. In the winter and hot seasons, the 
westerly winds penetrate farther southward at higher levels, and the greater the velocities 
of the westerlies at say 25°N, the farther is the southward limit of penetration. This 
is similar to what has been found elsewhere, for example, over the Atlantic 21 , but the 
strengths of the westerly winds over north India are markedly greater than those found 
in similar latitudes over the Atlantic Ocean. 

As the lower wind system up to 4 km in the months November-April has many points 
of similarity with the trades, it is desirable to examine whether there are any winds corre¬ 
sponding to the anti-trades of the Atlantic. As mentioned already, over the region of longi¬ 
tudes 45° 80°E the upper westerlies come more often from the north than from the south, 
while east of longitude 90°E, southwesterlies are more common. It also appears that it 
is only in cloudy weather that the easterlies and westerlies over the Indian Peninsula have 
very different origins. In clear weather, the air coming from the east is also often westerly 
air which has turned round, first southward and then westward. Unless we choose to call 
all the upper westerly winds anti-trades, we do not have a regular anti-trade wind system 
moving from lower to higher latitudes up to 8 km, except in times of cloudy weather. The 
general process of circulation between the westerlies and easterlies can be described as 
follows. At the lower levels, the westerly air moves southwards more directly than at 
higher levels. As it moves south, it rises owing to gain of heat and then turns round the 
anticyclone towards the north and joins the westerlies. It again moves slowly towards 

aUoo^dSoulydays. 4116 qUeSti ° D be ^antitatively examined taking into eensideration the relative frequencies ef pilot 
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the south, gains heat, and again turns round the anticyclone at a higher level and a lower 
latitude. This goes on until it either reaches a region of longitudes where the anti-trades 
are well-developed or gets caught in the northward moving air associated with a disturbance. 
The probable life-history of the air is shown in Fig. 2. 

Bjerknes and collaborators 22 have calculated the distribution of pressure in the free 
atmosphere in a meridional section on the basis of the surface pressure distribution and the 
distribution of temperature in the atmosphere up to 25 km ; and by application of the 
gradient wind formula have also calculated the wind field. The good general agreement 
of the observed wind-system with the calculated wind-system shows that, for a correct 
understanding of the general permanent circulation of the atmosphere, the ascertainment 
of the exact distributions of temperature in different regions of the earth and the assign¬ 
ment of the correct physical causes for them are of fundamental importance. In this 
connection, attention may once again be drawn to the important result brought out from 
the sounding balloon results in India, namely, that the highest temperatures in the tropical 
troposphere at levels between 6 and 13 km are found over regions of extensive rainfall. 
The highest pressures at the levels are also found over the same or near regions. The 
physical reason for this is that lapse-rates over regions of heavy rainfall tend to come down 
to those appropriate to saturation adiabatic. We have therefore to seek for regions of 
highest pressure in the upper atmosphere at these levels in other parts of the tropics in similar 
regions of heavy widespread rainfall, such as parts of Africa, East and West Indies, Brazil, 
etc. With the seasonal movement of rainfall, areas, the high pressure areas at these levels 
will also move correspondingly. This is borne out by our 8 km charts and also by van 
Bemmelen’s charts of cirrus movement. 
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APPENDIX A. 

Explanation of the symbols used in Appendix A. 

n gives the number or observations, 

V the arithmetic mean speed irrespective of direction in metres per second, 
v the resultant velocity taking account of direction in metres per second, 

D the resultant direction in degrees east of north, and 
D', D" two most representative directions. 

When two adjacent directions, say N and NW, are both more frequent than an altogether different 
direction, say S, and the last is also fairly frequent, NNW and S have been given as D' and D" instead 
of N and N W. When two directions are almost equally frequent, the direction from which stronger 
winds blow has been given first. A few cases have been indicated like NW—E. This means that winds 
blow mostly from the directions included between the first and the second as we go clockwise. 

Fur. means variable. 


■ 


iiftfil 


210 


RAMAN ATHAN AND RAMARRISHNAN 


APPENDIX A.—Normal Upper Winds up to 


Station. 

0*5 km. 

1-0 km. 

2*0 km. 

n 

y 

V 

D 

D' D' 

n 

V 

V 

D 

D' 

D* 

n 

V 

v D 

D' D" 

Aden 






02 

6-5 

6-3 

88 

E 

40 

6-2 

5-5 

81 

E 

NE 

21 

50 

1-5 30 

ENE Var. 

Bahrein 






211 

8-1 

3-0 

324 

NNW SSE 

206 

7-7 

31 

286 

NNW 

SSW 

174 

8-7 

0-4 272 

SW—NW 

Muscat . 






203 

40 

1-3 

290 

WNW Var. 

200 

4-5 

1-6 301 

WNW 

Var. 

174 

6*4 

4-2 285 

SW—NW 

Gwador 






213 

5-0 

1*2 

344 

Yar. 

205 

6-9 

1-9 

313 

Var. 

177 

8-2 

0-7 289 

WNW 

Karachi* 






279 

6-8 

3-4 

24 

W—N—E 

277 

5-7 

2*4 335 

W—N 

—E 

268 

6-6 

4-3 286 

SW—N 

Quetta* 

















272 

3-7 

1-4 255 NW/N S 

Peshawar* 






269 

2-2 

0-2 

166 

.. 

271 

3-0 

2-2 

321 

W— 

N 

264 

41 

2-3 344 

NW—E 

Lahore* 






388 

4-7 

2-5 

333 

NW N 

393 

4-4 

1-9 

314 

NW 

Var. 

375 

4-0 

1-4 255 

NW Var. 

Simla* . 






.. 

.. 

4 • 

.. 

.. 

.. 










Delhi . 






01 

6-7 

4-2 

317 

NW Var. 

60 

6-6 

4-5 

298 

NW 

Var. 

58 

6-7 

5*1 280 

S—NW 

Ahmedabad 


• 




185 

6-2 

3-2 

52 

NW—E 

185 

4-6 

0-9 

305 

Var. 


183 

71 

4-6 250 

S—NW 

Ajmer . 

. 

• 









186 

60 

0-8 

271 

Var. 


185 

7-5 

5-6 268 

SW—NW 

Agra* . 

. 

• 




510 

5-7 

2-5 

346 

NNW SE 

509 

6-5 

2-4 

309 

NW 

Var. 

602 

7-2 

5 3 278 

S—NW 

Allahabad 






121 

5-5 

2-2 

314 NW/W ESE 

122 

6-0 

4*5 

297 

WNW 

Var. 

116 

10-5 

9-4 290 

NW W 

Patna . 

• 





183 

5-2 

2-7 

293 

WNW ESE 

182 

6-2 

5-0 

200 

W 

NW 

180 

11-6 

11 1 293 

NW W 

Bangpur 

• 





36 

3-6 

0-9 

39 

Var. 

36 

3-3 

01 

297 

ESE 

W 

34 

6-4 

4-7 292 WNW E 

Tezpur . 

. 





142 

8-9 

2-6 

90 

E 

142 

3-8 

1-5 

91 

E/NE 

Var. 

131 

4-6 

0-4 145 E/NE SW 

Calcutta* 






327 

4-9 

2-7 

344 

N Var. 

326 

5*2 

3-8 

318 

NNW 

Var. 

302 

8-8 

7-8 302 

NW W 

Dacca . 

, 





180 

3-8 

2-3 

327 

N Var. 

178 

4-4 

3-4 

303 

SW- 

-N 

172 

10-1 

9-3 294 

NW W 

Chittagong 

• 





186 

4-2 

31 

1 

N Var. 

185 

4-0 

3-4 

327 

NNW 

Var. 

171 

8-1 

7-0 296 

WNW Var. 

Akyab*. 






335 

4-6 

3-2 

3 

N Var. 

335 

4-7 

2-4 

328 

NNW 

Var. 

331 

6-7 

4‘4 297 

SW—N 

Mandalay 


. 




184 

3-3 

2-1 

166 

S/SE N/NE 

186 

3-0 

1-7 

201 

S/SW 

N./NW 

185 

6-2 

5-2 234 

s—w 

Bangoon 


. 




175 

4-3 

1-4 

31 

NNE Var. 

175 

3-9 

1-9 

107 

SSE 

Var. 

174 

4-7 

1-8 200 

S Var. 

Jubbnlpore 











186 

50 

0*7 

260 

NNE 

SSW 

184 

7-9 

5’9 274 

SW—NW 

Banchi . 


* 




• • 

•• 


* * 

•• 

34 

7-3 

5-7 

297 

NW 

w 

33 

121 

11*1 287 

NW W 

Sambalpur 






120 

3-5 

0 7 

350 

N Var. 

120 

4-2 

2-3 

309 

NNW 

Var. 

120 

6-9 

5-2 320 

NW Var. 

Poona* . 











271 

4-6 

1*7 

117 

SE/E 

Var. 

269 

5-0 

2-7 195 

S Var. 

Hyderabad 










.. 

151 

60 

60 

114 

E 

SE 

147 

5-4 

2-3 45 

ENE Var. 

Waltair 






184 

4-3 

2-7 

68 

E NE 

183 

5-0 

3-3 

59 

NE 

E 

179 

6-3 

2-8 36 

N—E 

Mangalore 






186 

6*2 

4-5 

80 

E N 

186 

5*6 

4*2 

90 

NW—NE—SE 

186 

6-0 

4-7 92 

NE—SE 

Bangalore* 











381 

5-4 

4-8 

91 



368 

60 

4-9 75 

NE—SE 

Madras . 

. 


. 

. 


244 

6-5 

5-6 

55 

NE E 

237 

6-6 

5-9 

03 

NE 

E 

208 

6-6 

5-3 71 

N—SE 

Port Blair 

. 

• 

. 

. 

. 

244 

7-3 

6-6 

62 

NE E 

211 

7-5 

6-9 

85 

E 

NE 

163 

6-7 

5-6 93 

E SE 

Trivandrum 

' 

# 

• 

* 

• 

169 

2*8 

1-3 

55 

N—SE 

168 

3*6 

2-3 

57 

N—SE 

158 

5-0 

2-8 85 

E Var. 


* For stations marked with an asterisk, the available data up to the end of 1931 only have been used ; 
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8 km. above Sea Level over India—January. 




3-0 

km. 




4-0 

km. 



6*0 : 

km. 



80 

km. 


n 

V 

v D 

D' 

D" 

n 

V 

v D 

D' D* 

n 

V 

v D 

D' D" 

n 

V 

v D 

D' 

D" 

18 

6-7 

1-2 308 

Var. 

13 5-8 3-2 274 

WNW 

8 9*1 

. 4-2 281 

W Var. 

4 

; 11*2 5-8 273 



124 

11*8 

10-4 274 

SW- 

-NW 

81 15-7 14 6 274 

SW—NW 

26 21-4 

: 20-5 276 

W 

4 

: 28-8 28-1 286 

# # 


162 

9-7 

8-3 283 

sw 

—NW 

128 13*1 

11-8 276 

SW—NW 

54 18‘fi 

> 18-2 271 

SW—NW 

11 

22-8 21-4 263 

SW—N 

135 

11-5 

10-3 285 

w 

NW 

101 

15£ 

14-4 282 

W NW 

47 

’ 23 6 

i 21-7 279 

SW—NW 

9 

30-0 

I 27-8 286 


# # 

244 

11-2 

9-6 279 

sw 

-NW 

228 

14-£ 

13-6 274 

SW—NW 

147 

24-0 

i 21-8 277 

W NW 

35 

33*0 

i 27-8 232 

W 

NW 

249 

80 

6-2 286 

sw- 

-NW 

186 

12-6 

11*9 283 

SW—NW 

48 

21-7 

19-2 280 

SW—NW 

6 

22-7 

22 1 292 



250 

4-5 

0-9 275 

Var. 

234 

7-2 

4-4 265 

SW—NW 

189 

15-9 

13-4 277 

SW—NW 

93 

24-9 

22 3 282 

SW- 

-NW 

351 

6*4 

3-8 255 

S—NW 

312 

9-5 

7*2 264 

S—NW 

231 

18*5 

16-5 274 

SW—NW 

122 

28*1 

25*1 279 

SW- 

-NW 

367 

4-9 

21 155 

SSB 

NW 

334 

6-9 

2*7 230 

Var. 

220 

16-5 

14-6 221 

SW—NW 

115 

28-6 

26-7 270 

SW- 

-NW 

48 

9-7 

8-6 271 

SW- 

-NW 

34 

14-7 

13-8 273 

SW—N 

3 

270 

25-5 269 

.. 

1 

230 

23 0 255 

•• 

•• 

165 

9-9 

7-6 265 

sw- 

-NW 

139 

12-8 

11 1 268 

SW—NW 

85 

20-1 

16 0 273 

SW—NW 

22 

24-2 

22-8 272 

sw- 

-NW 

169 

11-6 

9-9 268 

sw- 

-NW 

135 

15-6 

14-2 269 

SW—NW 

74 

24-6 

23 1 272 

SW—NW 

10 

28-3 

26-9 267 

SW—NW 

485 

10-3 

9 0 273 

SW—NW 

452 

14-4 

13 0 272 

SW—NW 

339 

23-9 

22-0 273 

SW—NW 

172 

31*6 

29-9 274 

sw- 

-NW 

79 

12-2 

11-2 288 

NW 

W 

47 

13-8 

13 0 285 

W NW 

16 

18-3 

17-5 280 

SW—NW 

3 

24-8 

24-4 272 

, , 

, # 

159 

15-2 

14*8 290 

w 

NW 

127 

18-4 

17 0 289 

W NW 

62 

25-7 

21-7 283 

W NW 

5 

24-7 

24*4 294 

•• 

•• 

29 

170 

161 285 

w 

NW 

20 

25*1 

24-6 280 

W NW 

4 

27-7 

27-8 261 







104 

7-7 

4*7 271 

NE/E 

W 

70 

18*8 

16-9 273 

W NW 

18 

230 

201 273 

W NW 

2 

27-5 

27-1 284 

# # 


274 

111 

10-5 289 

W 

NW 

233 

14-5 

13-6 279 

SW—NW 

119 

19*2 

17*8 271 

SW—NW 

24 

26-5 

25-7 270 

w 

SW 

137 

13*8 

13-6 286 

w 

NW 

105 

18*5 

17-9 278 

SW—NW 

36 

250 

23-7 274 

SW—NW 

5 

27-9 

26-3 264 



141 

11-7 

10-7 281 

w 

NW 

99 

15-0 

14 0 275 

SW—NW 

30 

20-5 

19-5 276 

W NW 

5 

22-3 

21-9 270 

•• 

•• 

316 

90 

7-9 280 

sw— 

NW 

300 

11-9 

10-9 275 

SW—NW 

222 

171 

16-2 270 

SW—NW 

73 

220 

20-4 268 

sw- 

-NW 

171 

10-9 

9-7 273 

sw— 

NW 

153 

15-9 

16 0 274 

SW—NW 

43 

22-2 

21-2 269 

SW—NW 

4 

25-1 

23-4 276 

0 , 


156 

5-2 

2-8 274 

w 

Var. 

136 

6-7 

5 0 283 

SW—N 

94 

9-4 

7-8 270 

SW—NW 

20 

130 

12 0 252 

sw 

w 

170 

11-6 

9-4 283 

NW 

W 

138 

13-8 

12*7 280 

W NW 

60 

18-7 

17-7 277 

SW—NW 

14 

28-3 

27 0 270 

w 

sw 

32 

14-6 

13-9 291 

NW 

w 

20 

16-9 

16*1 279 

W NW 

1 

25-0 

25 0 260 

• • 




• • 

• • 

111 

8’7 

7-3 302 

SW- 

-N 

77 10-8 

9-4 294 

W NW 

67 : 

17*2 15-3 267 

SW—NW 

25 27*5 26-6 271 

sw— 

NW 

265 

6-7 

3-5 279 

Var. 

254 

8-7 

6*6 283 

SW—N 

220 12*5 10-7 281 

SW—N 

137 17-5 15-5 276 

sw- 

-N 

147 

5-2 

1-3 335 

Var 


142 

6-7 

1-4 352 

SW—N 

122 

9-2 

6-8 279 

SW—NW 

80 14-8 : 

131 267 

sw— 

NW 

153 

6*1 

2-6 327 

N 

Var. 

135 

7-1 

4-2 297 

SW—N 

92 101 

8-4 274 

SW—NW 

27 16-7 151 257 

w 

SW 

179 

6-4 

41 83 NNE 

Var. 

152 

7-3 

4*1 82 

Var. 

74 

7*6 

0*7 130 

Var. 

20 

9*1 

3-1 299 NNW 

s 

341 

5-2 

2*9 83 

NE—SE 

315 

6-9 

1-9 77 

Var. 

232 

7-5 

1*1 308 

Var. 

157 100 

4-9 270 

w 

Var. 

175 

5*5 

3-7 78 

N—SE 

153 

5-7 

3*1 74 

Var. 

103 

6-4 

0-7 332 

Var. 

47 

9-0 

4-6 278 WSW 

Var. 

120 

4-9 

3*8 85 

NE—SE 

98 

4-9 

3-3 89 

N—SE 

73 

6-3 

3-3 64 NE Var. 

45 

6-9 

2-0 8 NNE 

Var. 

141 

6-9 

3-6 94 ESE 

Var. 

120 

7-8 

5-5 91 

E Var. 

80 

9-9 

6-6 89 EKE Var. 

19 

9-7 

2-9 100 

E 

Var. 


for the remaining stations, data up to the end of 1934 have been used, 
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APPENDIX A.—Normal Upper Winds up to 







0-5 km. 

1-0 km. 

2*0 km. 


Station. 




n 

y 

v D 

D' 

D" 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' 

D* 

Aden 





56 

6-7 

6-4 86 

£ 


| 48 

7-1 

6-9 79 

E 

NE 

! 35 

4*7 

2*9 142 

E—S 

Bahrein 





187 

9-5 

1-3 340 N/NW S/SB 

179 

8-8 

2*6 281 NNW 

S/SW 

; 146 

9*1 

6*7 267 

S—NW 

Muscat . 





191 

4-8 

2-5 273 

WNW 

Var. 

188 

5-3 

3*0 278 

WNW 

Var. 

173 

7*3 

4*9 283 

WNW 

Var. 

Gwador 





187 

5-4 

2-2 304 

W 

Var. 

182 

5-7 

2*6 296 

W 

Var. 

158 

7*1 

4*9 287 

W 

Var. 

Karachi* 





254 

7-3 

S 3 337 

W—N—E 

248 

6-7 

3*4 304 

WNW 

Var. 

242 

7*1 

4-7 287 

WNW 

Var. 

Quetta* 















260 

4*4 

1*8 237 

s 

NW 

Peshawar* 





243 

2*2 

0-3 22 

.. 


242 

80 

2*1 326 

W- 

-N 

233 

4*8 

2*2 324 

NNW 

Var. 

Lahore* 





359 

5-6 

2-5 342 

NW 

Var. 

355 

5-3 

2*4 320 NW/N 

Var. 

339 

5*7 

3*1 291 

NW 

Var. 

Simla* . 







.. 

• • 












Delhi . 





55 

6-5 

2 0 302 NW/W 

S/SE 

56 

60 

2*7 291 

NW 

S 

53 

6*9 

4*5 284 

SW- 

-NW 

Ahmedabad 





164 

7-6 

3-4 33 

E 

NW 

163 

5-2 

1*9 338 

W—N 

r —e 

159 

6*5 

4*3 275 

SW—NW—NE 

Ajmet . 







.. 

.. 


169 

6*2 

1*6 309 

Var. 

168 

7*4 

5*3 284 

SW—N 

Agra* . 





486 

6-5 

3-0 338 NW/N 

SE 

484 

6-5 

4*1 308 

NW 

Var. 

476 

8*4 

6*8 287 

SW—NW 

Allahabad 

.. 




112 

6-0 

1-5 329 

NW 

Var. 

112 

6-4 

3*4 304 

NW 

Var. 

101 

9*2 

7*7 289 

NW 

W 

Patna . 

• 




169 

5-8 

2*5 297 

WNW 

ESE 

169 

5-8 

3*9 291 

WNW 

Var. 

161 

9*9 

8*9 287 

W 

NW 

Bangpur 





55 

4*7 

1-2 336 

Var 


54 

40 

1*5 293 

W 

Var. 

52 

6-7 

4*8 282 

WNW 

Var. 

Tezpur . 

, , 




134 

51 

2-8 99 

E 

Var. 

131 

4-4 

0*4 206 

ENE 

wsw 

118 

6*2 

3*9 248 

w/sw 

E 

Calcutta* 





292 

5-7 

2-4 315 

N 

Var. 

281 

5-6 

3-6 299 

SW- 

-N 

265 

9-8 

8*5 292 

sw- 

■IW 

Dacca . 

, . 




154 

4-6 

2-3 318 

NNW 

Var. 

151 

4-5 

3*0 290 

WNW 

Var. 

146 

9*3 

7*6 284 

w 

NW 

Chittagong 





164 

4-6 

2-9 356 

N 

Var. 

163 

4-3 

2*7 328 N/NW 

Var. 

151 

7*8 

6*1 300 

NW 

W 

Akyab* 





296 

5-4 

4-4 351 

N 

NW 

297 

5-6 

4*0 333 N/NW 

Var. 

291 

7*5 

5*4 305 

SW 

-N 

Mandalay 

, . 




169 

40 

2-2 168 

S/SE 

N 

168 

4-4 

1*2 216 

S/SW 

N/NW 

169 

6*1 

5*2 244 

SW 

W 

Rangoon 

, , 




165 

40 

1-5 305 

Var. 

168 

3-7 

1*3 226 

Var. 

167 

6*3 

3*1 232 

SW 

Var. 

Jubbulpore 

, . 




.. 

.. 

., 


.. 

168 

6-2 

0*7 326 

ssw 

NNE 

165 

8*0 

6*3 284 

SW- 

-N 

Ranchi 

• 








•• 

56 

60 

3*5 323 

NW 

Var. 

55 

8*5 

7*3 284 

SW—NW 

Sambalpur 





110 

4*5 

0*4 99 

Var. 


110 

5*2 

2*7 280 

Var. 

111 

8*2 

6*9 284 

sw- 

-NW 

Poona* . 







.. 

N 

E 

251 

5.0 

1*4 60 

E 

Var. 

251 

60 

2*2 210 

S 

Var. 

Hyderabad 










139 

6-8 

3*2 146 

NE—SE—SW 

138 

5*4 

1.1 309 

Var. 

Waltair 





164 

40 

1-2 239 

SW 

NE 

165 

3-8 

0*6 197 

SW 

NE 

153 

6*3 

2*6 347 

NNE 

Var. 

Mangalore 





168 

42 

1-7 9 

NNW 

E 

168 

4-3 

13 57 

NW 

ESE 

157 

6*0 

3*6 94 

NE—S 

Bangalore* 










367 

4-9 

3 7 111 



355 

6*1 

4*4 70 

N—SB 

Madras . 

. 

# 

. 


224 

4-7 

2-9 118 

NE—S 

223 

5*5 

4*1 94 

NE—SE 

209 

71 

5*2 56 

NE/E 

Var. 

Port Blair 

. 

# 

. 


221 

5 3 

4-4 52 

Sr- 

E 

207 

50 

8*4 80 

N—SE 

181 

5*5 

2*9 103 

ESE 

Var. 

Trivandrum 

> 

• 

• 

• 

153 

2-4 

0-8 49 

Var. 

154 

2*9 

1*2 81 

ENE 

Var. 

145 

4*9 

3*0 69 

ENE 

Var. 


•For stations marked with an asterisk, the available dat* up to the end of 1931 only have been need ; 
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8 km. above Sea Level over India—February. 





30 

kin. 


4-0 km. 


6 

■0 km 




8 0 km. 

n 

V 

V 

D 

J>' 

D' 

n 

V 

V 

D 

D' 

D # 

n 

V 

V 

D 

D' 

D' 

n 

V 

V 

D 

D' 

D' 

33 

4*6 

11 

98 

N- 

-E—S 

31 

6-9 

25 

28 

ENE 

NW 

20 

6*4 

1C 

1 184 

SW 

Var. 

8 

6-3 

2-2 

\ 298 


.. 

110 

121 

10-4 

269 

SW- 

-NW 

66 

15-2 

13*8 276 

SW 

— N 

22 

22*5 

20*6 

i 281 

sw- 

-NW 

1 

300 

30C 

) 275 

.. 

• • 

154 

10»5 

7-8 

281 

WNW 

Var. 

123 

12*2 

103 

283 

SW—NW—NE 

51 

17*7 

160 

i 279 

sw 

—N 

9 

25*0 

24-0 

1 285 

.. 


137 

9-8 

81 

284 

SW- 

-NW 

100 

13-4 

11*8 

282 

SW- 

-N 

45 

19-7 

18*4 

: 285 

w 

NW 

8 

22*9 

22-2 

! 286 


• • 

221 

9-5 

7-8 

282 


— N 

197 

130 

11-4 

282 

SW 

— N 

139 

21*3 

19-4 

: 277 

SW 

— N 

' 37 

28*7 

27-6 

I 278 

SW—N 

238 

8*5 

6-7 

278, 

S-NW 

184 

140 

12-0 

283 

S—W—N 

51 

21*3 

19*6 

277 

w 

NW 

14 

23*1 

21-4 

275 

W 


221 

6-6 

2-3 

259 

NW 

Var. 

198 

7-7 

51 

271 

WNW 

Var. 

168 

16-2 

13-6 

277 

S—W—N 

95 

24*7 

21-8 

277 

s—W—N 

309 

7-4 

50 

276 

S— 

NW 

270 

105 

8-3 

276 

S—NW 

174 

19-4 

17-4 

278 

SW 

W 

88 

29-6 

29-4 

282 

SW—N 

355 

5-4 

0-8 

254 

SE/S 

NW 

323 

7-6 

3-8 

279 

SE—SW—NW 

202 

17*8 

16*4 

274 

sw- 

-NW 

112 

29*6 

27-6 

273 

SW—NW 

44 

8*7 

71 

275 

SW—NW 

38 

121 

10-8 

278 

SW- 

-NW 

23 

20*4 

19-4 

276 

sw- 

-NW 

7 

26*2 

251 

271 

• • 

• • 

148 

9*5 

7*5 

270 

SW 

— N 

120 

121 

10-5 

273 

SW—N 

62 

18*5 

17-4 

275 

sw- 

-N 

10 

24*7 

241 

279 

w 


154 

9-4 

7-7 

275 

SW- 

-NW 

125 

13*0 

11*4 

276 

SW- 

-N 

67 

210 

19-3 

273 

sw- 

-NW 

5 

25-6 

250 

289 

.. 

.. 

457 

11*6 

9-9 

279 

SW—NW 

424 

15*3 

13*9 

277 

SW—NW 

307 

24*5 

231 

277 

sw- 

-NW 

148 

33*4 

31*4 

277 

SW—1 


62 

11-8 

111 

278 

w 

NW 

38 

16-9 

160 

271 

W 

NW 

2 

325 

32-3 

265 









127 

13-5 

12-7 

288 

w 

NW 

99 

17-2 

16*9 

283 

W 

NW 

45 

24*7 

23*8 

278 

SW- 

-NW 

7 

33*0 

30-5 

290 

• • 

* * 

47 

11-5 

9-8 

280 

sw- 

-NW 

35 

15-4 

13*7 

288 

w— * 

r —b 

15 

19-4 

180 

278 

SW—NW 






• • 

92 

7*9 

6-4 

260 

w/sw 

ENE 

60 

13*7 

12*8 

271 

SW— 

■NW 

20 

190 

182 

269 

w 

NW 

2 

18-5 

18-3 

288 

.. 

• • 

222 

130 

12-0 

291 

SW— 

NW 

174 

151 

13-8 

289 

SW— 

■N 

74 

21-0 

201 

274 

sw- 

-N 

3 

23-8 

23-5 

279 


• • 

114 

12-7 

11-8 

283 

SW— 

NW 

73 

160 

15*3 

280 

w 

21 

23*9 

23-6 

270 

sw- 

-NW 






.. 

129 

11-7 

10-6 

288 

w 

NW 

92 

14-3 

13-7 

275 

w 

NW 

20 

24*2 

23-2 

270 

sw- 

-NW 






•• 

283 

9-5 

8-1 

285 

sw- 

-NW 

264 

12-5 

11*3 

279 

SW— 

NW 

180 

19*3 

17-9 

274 

sw- 

-N 

58 

24*3 

21*7 

270 

SW—NW 

153 

9-9 

8-8 

262 

sw- 

-NW 

124 

15*1 

14-3 

273 

SW— 

NW 

32 

22-9 

21*9 

274 

sw- 

-NW 

1 

36-5 

36-5 

260 


.. 

153 

6-3 

4-6 

253 

S—NW 

112 

8*5 

7*3 

271 

s—w 

— N 

73 

11-9 

10*4 

263 

8 — W — N 

11 

161 

14*8 

253 

SW—NW 

152 

11-8 : 

L01 

278 

SW—N 

122 

151 

13*6 

277 

8W—N 

44 

20*7 

19-8 

281 

w 

NW 

3 

38-4 

38-0 

256 

.. 

.. 

52 

11*7 10-4 

285 

SW—NW 

38 

136 

12*7 

287 

w 

NW 

17 

18*9 

17*8 

288 

w 

NW 

2 

22*5 

22-2 

288 

•• 

•• 

100 

111 100 

285 

W 

NW 

76 

141 

13*5 

285 

w 

NW 

42 

23-7 

22-9 

273 

sw- 

-NW 

12 

31*3 

30*8 

261 

w 

SW 

246 

7-4 

3-4 

249 

ssw 

Var. 

233 

9-4 

6*5 

284 SW—NW—NE 

193 

14*7 

121 

283 

8—W 

—N 

103 

18*4 

16-7 

278 

S—NW 

135 

6-8 

3-3 

292 

SW- 

-N 

131 

8-4 

5-9 

286 ' 

wsw 

ENE 

106 

130 

10*6 

284 

SW—N 

54 

17*7 

14-9 

283 

W 

NW 

140 

7-1 

4-9 

316 

Var. 

118 

8-6 

6*7 

292 

SW—N 

63 

14*1 

12-5 

271 

SW— 

•NW 

8 

20-6 

19-7 

251 

.. 

.. 

134 

6*2 

2-4 

80 

ENB 

Var. 

110 

6-5 

0*9 

333 

Var. 

61 

8-8 

20 

324 SW—NW—NE 

10 

10*9 

3*9 

299 

•• 

•• 

337 

61 

3-4 

63 

ENB 

Var. 

306 

6-3 

1-6 

62 

ENE 

Var. 

256 

7-7 

1*4 

329 

Var. 

180 

90 

4*1 

294 

Var. 


190 

5-8 

2-9 

36 

NE 

Var. 

169 

5*4 

1*3 

15 

NE 

Var. 

123 

7*8 

3-6 

290 

S—W 

—N 

40 

10*8 

7-7 

287 

S—W- 

-N 

161 

5*4 

1-4 

97 

E 

Var. 

149 

5-4 

0*4 

54 

E 

Var. 

116 

6-6 

1-9 

288 WSW 

Var. 

57 

8*1 

2*7 

255 

S 

Var. 

134 

5-9 

3-7 

85 

ENB 

Var. 

102 

71 

4*0 

96 

ESE 

Var. 

63 

9*5 

6-3 

110 

E8E 

Var. 

20 

10-2 

6-9 

115 

E 

SE 


for the remaining stations, data up to the end of 1934 have been used. 
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Station. 

0-5 km. 

1*0 km. 

2*0 km. 

n 

V 

V 

D 

• 

D' 

D* 

n 

V 

V 

D 

D' D" 

n 

V 

V 

D 

D' D' 

Aden . 






59 

6-3 

61 

91 

E 

50 

6*9 

6*5 

86 

E 

40 

5*3 

2-6 

90 

E NE 

Bahrein 






209 

9-2 

2 3 

351 

N/NW 

SSE 

200 

8*4 

2*3 

305 

N/NW S/SW 

169 

8*5 

5*5 

275 

S—W—N 

Muscat . 






200 

4*7 

2-8 

266 

S—NW 

198 

5*1 

3*2 

270 

W Var. 

183 

6*8 

4*5 

278 

SW—N 

Gwador 






209 

6*1 

3*5 

290 

W 

Var. 

205 

6-4 

8*9 

286 

WNW Var. 

176 

7*7 

4*9 

277 

WNW Var. 

Karachi* 






277 

7*7 

5-2 

306 

W— 

NE 

276 

7*3 

4*9 

296 

WNW Var. 

267 

7*4 

5*2 

281 

W Var. 

Quetta* 

















295 

4*2 

1*8 

258 

WNW S 

Peshawar* 






269 

2-6 

0-7 

324 

.. 

.. 

269 

3*4 

1*9 

382 

NW N 

263 

5*1 

2*7 

310 

NW N 

Lahore* 






400 

6*3 

2-9 

356 

NNW 

Var. 

399 

5*8 

2*7 

331 

NW/N Var. 

387 

6*3 

3*8 

299 

NW Var. 

Simla* . 









.. 

• • 

.. 

•• 

•• 

•• 

•• 

.. 

*• 

•• 

•• 

•• 

.. 

Delhi . 





• 

62 

7-4 

4-9 

330 

NW 

Var. 

62 

7-9 

6*2 

313 

NW Var. 

60 

9*5 

8*4 

301 

NW W 

Ahmedabad 






185 

7*9 

4*9 

355 

NW- 

-E 

186 

5*7 

3*4 

334 

W—N—E 

185 

6*1 

4*1 

268 

SW—N 

Ajmer . 



. 


• 


.. 

.. 

. . 

.. 

.. 

182 

61 

2-6 

303 

Var. 

184 

7*5 

5*6 

279 

SW—NW 

Agra* . 



. 



559 

6-9 

2-6 

335 

NW 

Var. 

558 

6*7 

3*8 

308 

NW Var. 

549 

8-6 

6-9 

289 

NW W 

Allahabad 



. 


• 

153 

6-4 

3-7 

323 

NW 

Var. 

153 

6-5 

4*8 

305 

NW Var. 

141 

9*5 

8*4 

289 

SW—NW 

Patna . 



• 


• 

162 

7-7 

3-8 

310 

NW 

Var. 

162 

7*6 

5*7 

292 

NW/W SE 

166 10*1 

9*2 

287 

W NW 

Rangpur 






59 

6-0 

2-2 

120 

ESE 

Var. 

54 

5*0 

1*6 

226 

E—S—W 

48 

7*3 

4*5 

266 

W Var. 

Tezpur . 






144 

6-3 

40 

94 

E 


144 

5-2 

1*2 

193 

E Var. 

130 

7*1 

6*3 

251 

W SW 

Calcutta* 






324 

6-9 

4*3 

251 

SW 

Var. 

317 

6*0 

3-9 

268 

S—W—N 

297 

7*3 

6*0 

289 

SW—N 

Dacca . 






152 

5-7 

3-3 

254 

WSW 

Var. 

140 

5*5 

3-6 

267 

S—NW 

118 

7*4 

6*0 

280 

SW—NW 

Chittagong 






177 

4-6 

1*2 

257 

SSW 

Var. 

168 

4*7 

20 

287 

Var. 

152 

6*6 

4-6 

302 

S—W—N 

Akyab* . 






364 

50 

3*7 

338 

N 

NW 

356 

5-5 

4-6 

329 

SW—N 

343 

6*9 

4*7 

311 

SW—N 

Mandalay 






184 

6-7 

50 

183 

S 

N 

185 

5-5 

2-6 

197 

S/SW N 

182 

5*4 

3*8 

265 

SW—NW 

Rangoon 






183 

4*4 

1*8 

255 

WNW 

Var. 

182 

4-2 

2*4 

230 

WSW Var. 

172 

4*7 

2-9 

224 

SW Var. 

Jubbulpore 






.. 

.. 

.. 

.. 


.. 

182 

5*8 

1*1 

31 

NE Var. 

181 

6*9 

4*9 

289 

SW—N 

Ranchi . 






•• 

•• 

• • 

• • 

•• 

•• 

62 

7*3 

3*3 

277 

NW Var. 

61 

7*9 

7*1 

289 

SW—NW 

Sambalpur 






120 

4*3 

0*7 

18 

SW 

NNE 

123 

4*8 

1*6 

294 

Var. 

124 

6*0 

3-3 

287 

SW—N 

Poona* . 






.. 

.. 

.. 

.. 

.. 

.. 

278 

5*3 

2*8 

11 

NNE Var. 

276 

6*7 

0*8 

277 

Var. 

Hyderabad 







.. 

.. 

.. 

.. 


154 

6*7 

3-3 

311 

S Var. 

152 

5*3 

1*7 

104 

Var. 

Waltair 






177 

4*9 

4*5 

233 

SW 

W 

173 

4-5 

3-1 

220 

SE—W 

161 

5-0 

1*8 

8 

Var. 

Mangalore 






181 

3*0 

1*1 

357 

NNW 

Var. 

► 185 

4-0 

1*3 

46 

N Var. 

171 

6-1 

4-8 

77 

N—SE 

Bangalore* 












392 

4-3 

2-0 

159 


419 

6-8 

5*6 

79 

NE—SE 

Madras . 

. 

. 

. 

. 

. 

247 

4-8 

3*7 

158 

E—S 

245 

6*1 

8*4 

134 

NE—S 

237 

7-4 

5-9 

57 

N—E 

Port Blair 

, 

. 

. 

. 

. 

257 

4*1 

2*8 

56 

NW— 

NE 

253 

4*4 

2*9 

85 

NW—NE—SW 

234 

5*2 

3*6 

93 

N—SE 

Trivandrum 

• 

• 

• 


• 

176 

3*0 

1*6 

859 

NW- 

-E 

174 

3*2 

1*4 

21 

NE—SE 

172 

6*0 

3*0 

63 

NE—SE 


* For stations marked with an asterisk, the available data up to the end of 1931 only have been used ; 
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B km. above Sea Level over India—March. 


3*0 km. 

4*0 km. 

6*0 km. 

8-0 km. 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' D* 

n 

V 

V D 

D' D* 

n 

V 

v D 

D' 

D' 

31 

5-9 

3-3 65 

E 

NE 

26 

61 

3*9 48 

N—E 

18 

; 6*6 

! 2*9 260 

W Var. 

9 

• 8*2 

! 4*7 278 



124 

10*2 

8-4 268 

SW—N 

67 

12-2 

10*1 280 

SW—N 

28 

16*9 

» 13*6 273 

SW—N 

3] 21*4 

18*0 270 

W 

SW 

161 

8-9 

6-8 285 

SW 

—NW 

123 

10-2 

8*6 283 

S—NW 

65 

14*6 

12-8 279 

SW—NW 

12 

! 24*8 

*23*3 279 

W 

NW 

133 

9-8 

7-7 285 

WNW 

Var. 

89 

10-6 

9*1 284 

SW—N 

54 

17*3 

15*8 285 

SW—N 

10 

21*0 

21*2 282 

W 

241 

9-5 

6-8 278 

W 

Var. 

208 

11*8 

9*5 276 

SW—N 

144 

17*8 

16*3 275 

SW—N 

37 

27*0 

25-3 277 

SW- 

-NW 

288 

7-8 

5-9 283 

SW- 

-NW 

242 

11*3 

9*5 284 

S—W—N 

90 

14*9 

13*5 282 

SW—N 

25 

16*0 

15*0 279 

SW—NW—NE 

255 

6-6 

3*8 277 

WNW 

Var. 

233 

80 

5*4 276 

S—W—N 

207 

14*1 

11*6 281 

W Var. 

109 

19*9 

10-7 281 

SW- 

-NW 

368 

79 

5-7 288 

NW/W 

Var. 

340 

9-9 

7*7 282 

S—W—N 

233 

15*8 

13*9 278 

SW—NW 

130 

20*2 

18*4 281 

SW- 

-NW 

397 

5*4 

1*8 291 

NW 

Var. 

361 

6-9 

3*9 288 

NW Var. 

248 

13*9 

12*0 279 

S—W—N 

157 

22*0 

19*6 272 

SW 

—N 

53 

10-5 

9-3 292 

NW 

W 

36 

121 

10*6 283 

SW—NW 

11 

18*5 

16*7 269 

SW—NW 

1 

14*5 

14*5 320 

•• 

•• 

175 

8-8 

6-6 252 

S—NW 

141 

9-9 

7*6 255 

S—W—N 

96 

13*3 

11-7 274 

SW—N 

24 

10*3 

14*2 284 

SW- 

-N 

167 

9-4 

7-4 269 

S—NW 

129 

11*5 

9*7 269 

SW—N 

68 

15*7 

13-9 277 

SW—NW 

15 

17*0 

13*9 27? 

sw- 

-N 

522 

10*9 

9-4 285 

SW- 

-NW 

478 

13-2 

11*4 280 

SW—N 

366 

18*9 

17-1 276 

SW—N 

189 

24*9 

23*3 278 

sw- 

-N 

93 

12-3 

11-1 282 

w 

NW 

55 

14-2 

13*1 279 

W—N 

23 

16*2 

13*0 281 

W—N 

4 

18*7 

18*5 270 

.. 

,, 

136 

13-7 

12-5 286 

w 

NW 

99 

15-7 

14*7 291 

SW—N 

46 

17*2 

16*1 287 

NW W 

14 

19*6 

17*9 287 

SW- 

-NW 

40 

10*3 

7-3 274 

w 

Var. 

29 

120 

10*2 289 

W NW 

11 

12*9 

11*2 287 

SW—N 






113 

10-2 

8*9 260 

w 

SW 

62 

121 

10*4 272 

S—W 

21 

16*4 

15*0 276 

W 

5 

22*3 

19*7 283 

,, 

,, 

270 

10-4 

9‘3 293 

NW 

W 

225 

11*7 

10-8 292 

SW—NW 

138 

15*6 

14*5 278 

SW—N 

34 

18-1 

10*1 274 

w- 

-N 

84 

10-6 

9*4 288 

w 

NW 

61 

12*4 

11*1 291 

W NW 

30 

150 

13*5 273 

W—N 

7 

171 

15*8 275 

.. 

,. 

116 

8-7 

6-9 297 

SW- 

-N 

79 

9*3 

8-0 283 

SW—NW 

29 

13*8 

12*9 279 

SW—NW 

3 

18*0 

12*9 309 

•• 

•• 

327 

8*2 

5-8 297 

sw- 

-N 

295 

9*5 

8*1 282 

SW—N 

204 

14*7 

13*6 271 

SW—NW 

78 

20*8 

19-3 260 

SW— 

NW 

156 

7-7 

6-5 259 

sw- 

-NW 

117 

111 

9*8 274 

SW—NW 

38 

17*2 

15*6 277 

W NW 

1 

7*0 

7*0 285 

.. 

,, 

154 

5-2 

2-7 238 

sw 

Var. 

114 

6*3 

4*4 259 

S—NW 

63 

9*6 

7-9 267 

S—NW 

15 

12-2 

10*3 277 

,. 

,. 

169 

10-2 

8-3 277 

sw- 

-N 

146 

11*8 

10*1 278 

SW—N 

77 

15*0 

13*7 281 

SW—NW 

12 

18-3 

17*4 267 

,. 

,, 

53 

12*2 

10-8 295 

sw- 

-N 

43 

12*2 

11*1 302 

W—N 

19 

14*2 

13*2 293 

SW—NW 

4 

17*4 

17*2 270 

•• 

•• 

114 

8'4 

6-8 294 

w- 

-N 

90 10-0 

8*8 295 

W—N 

68 : 

14-6 : 

13*4 277 

SW—N 

24 21*2 19*7 276 

w 


268 

5-9 

2-8 197 SSW 

Var. 

261 

6*7 

3*2 249 

SW Var. 

229 11 0 

8*8 283 SW—NW—NE 

147 16 1 14*1 274 

SW—NW 

149 

51 

21 359 

Var. 

142 

5*6 

2*4 321 

SW—N 

119 19*8 

8*2 271 

SW—N 

73 14*7 13*2 264 

SW—NW 

145 

5-6 

3-4 11 NNE 

Var. 

112 

6*4 

3*4 340 SW—NW—NE 

74 

8*8 

0*9 207 WSW N 

22 11*7 

9*9 257 

SW— 

•N 

149 

6-8 

5*5 69 

NE 

N 

107 

6*3 

3*7 71 

N—E 

63 

5*9 

1*2 301 

W—N—E 

18 

9-6 

4*4 279 

•• 

•• 

400 

81 

7-1 54 

n—: 

E 

367 

7-2 

4*9 66 ENE Var. 

290 

6*8 

0*5 18 

Var. 

200 

9*9 

3*7 286 

w 

Var. 

223 

71 

4-9 51 

N— : 

E 

200 

5*5 

3*1 69 

N—SE 

145 

6-1 

0*7 61 ENE Var. 

47 

7*2 

0*5 341 NW 

Var. 

202 

50 

30 95 

E 

Var. 

173 

50 

2*1 101 ESE Var. 

131 

6*6 

2*3 90 ESE Var. 

59 

7*3 

2*3 79 

Var. 


154 

6*3 

3-6 83 

NE—! 

SE 

114 

7-2 

4*6 104 

E Var. 

41 

80 

5*2 102 ESE Var. 

10 

5-9 

2*0 125 ESE 

W 


for the remaining stations, data up to the end of 1934 have been used. 
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RAMANATHAN AND RAMAKRISHNAN, 


APPENDIX A.—Normal Upper Winds up to 



Station. 



0-5 km. 

10 km. 

2-0 km. 




n 

V 

v D 

D' 

D* 

n 

V 

v D 

D' 

D* 

n 

V 

v D 

D' D' 

Aden 

. . 



59 

6*8 

5-4 87 


E 

44 

6*2 

6-3 87 

E 

NE 

36 

4-5 

2-2 108 

NE—S 

Bahrein 

. 


• 

202 

8-5 

3-5 347 

NNW 

S 

196 

7-9 

3-5 312 

NNW 

SW 

179 

8-6 

6-4 273 

S—W—N 

Muscat . 

% 


• 

209 

51 

3-9 266 

sw- 

—NW 

208 

6-8 

4-5 276 

sw- 

-NW 

203 

6-6 

4-9 289 

SW—N 

Gwalior 



• 

207 

6-9 

5-2 287 

SW—NW—NE 

203 

7-5 

5-5 298 

SW 

— N 

176 

7-7 

0-3 287 

SW—N 

Karachi* 




269 

9-5 

8-3 293 

W- 

-NE 

264 

9-5 

7-9 293 

w- 

-N 

253 

8-3 

6-0 286 

SW—N 

Quetta* 














286 

4-2 

1-7 240 

S WNW 

Peshawar* 

• 


• 

260 

2-8 

1*1 324 

.. 

n. 

260 

3-8 

2-2 341 

NW- 

-NE 

259 

4-7 

2-7 322 

NNW Var. 

Lahore* 

Simla* . 

• 


• 

410 

6-8 

3-2 3 

NNW 

Var. 

411 

5-9 

2-3 339 

NNW 

Var. 

405 

61 

3-5 303 

NW Var. 

Delhi . 



* 

58 

7*7 

4-9 324 

NW 

Var. 

59 

7-0 

5*7 311 

NW 

Var. 

55 

8-9 

7*8 294 

NW W 

Ahmedabad 




178 

8-9 

6-3 317 

NW 

Var. 

177 

6-9 

4-5 307 

W- 

-NE 

172 

6-4 

4-8 262 

W Var. 

Ajmer . 

# • 


• 






180 

7-2 

3-8 278 

W 

Var. 

178 

8-1 

0-5 278 

SW—N 

Agra* . 

• 

• 

• 

534 

7-2 

3-2 332 

NW 

Var. 

534 

6-7 

3-9 312 

NW 

Var. 

519 

7-9 

0-7 292 

SW—N 

Allahabad 


• 


149 

6-8 

4-0 304 

NW 

Var. 

149 

6-7 

5-1 302 

NW 

Var. 

131 

8-2 

7-4 295 

NW W 

Patna . 

• * 

• 


150 

8*1 

2-6 287 

NW/W 

SSE 

149 

7-0 

5-2 286 

SE—SW—NW 

143 

9-9 

9-4 288 

W NW 

Rangpur 




49 

6-9 

2-8 165 

SE 

Var. 

39 

6-6 

3-6 250 

WSW 

Var. 

29 

7-6 

5-8 205 

SW—NW 

Terpur . 

• 



126 

8*1 

5-5 96 

E 

SW 

121 

5-5 

1-5 163 

ESE 

WSW 

100 

8-4 

7*7 250 

w sw 

Calcutta* 

• • 



341 

7-7 

6*9 221 

S—W 

320 

7-4 

5-3 248 

S—W—N 

265 

6-5 

5-3 282 

SW—NW 

Dacca . 

* • 



153 

8-2 

6-4 208 

SE—SW—NW 

119 

7-5 

6-0 232 

S—NW 

94 

7*9 

6-2 260 

S—NW 

Chittagong 

• * 



177 

6*5 

5-1 196 

S 

SW 

158 

0-0 

4-3 220 

SW 

Var. 

134 

6-6 

51 275 

SW—N 

Akyab* 




346 

4-0 

1-8 277 

S—W—N 

339 

4-3 

2*7 294 

S—W—N 

316 

6-2 

4-4 305 

SW—N 

Mandalay 


. 


180 

8-7 

7-6 182 

j 

3 

180 

7-8 

6*3 192 

S/SW 

N 

108 

6-2 

4-6 254 

S—W—N 

Rangoon 

• 



178 

5*8 

4-6 209 

w 

Var. 

171 

5-1 

8-8 239 

SW 

Var. 

162 

4-5 

2*7 233 

SE—SW—NE 

Jubbulpore 




.. 

.. 

.. 

.. 


179 

6-7 

2-6 309 

Var. 

178 

6*7 

5-2 293 

SW—N 

Ranchi 








•• 

54 

6-7 

4-3 285 

S—W—N 

54 

7-8 

0-7 287 

SW—NW 

Sambalpur 




118 

4*9 

2-0 226 

sw 

NNE 

118 

6-2 

1-9 278 

WSW 

Var. 

119 

61 

5-0 291 

SW—N. 

Poona* . 

• • 




.. 

.. 

.. 

.. 

246 

6-1 

4-2 334 

w— 

•NE 

243 

6-0 

2-3 318 

Var. 

Hyderabad 

• 



.. 

.. 

.. 

.. 

. . 

148 

8-0 

2-4 214 

s 

Var. 

148 

4-9 

0-0 133 

Var. 

Waltair 

• 



179 

7-4 

6-9 238 

sw 

W 

172 

6-2 

5-1 237 

s- 

W 

161 

41 

1-1 332 

Var. 

Mangalore 

• 


• 

176 

3-6 

2-6 308 

NNW 

Var. 

176 

3-6 

1*8 325 

NNW 

Var. 

158 

4-8 

3-1 46 

NW—NE—SE 

Bangalore* 









383 

4-0 

2-2 236 



389 

51 

3*1 80 

NW—NE—SE 

Madras . 

* 

• 


262 

7-2 

6-2 197 

SE- 

-SW 

201 

5-3 

3*9 188 

SE- 

SW 

253 

5-9 

4*6 80 

NE—SE 

Port Blair 

. 

. 


268 

3-6 

0*4 354 

Var. 

262 

3-7 

0-7 126 

Var. 

240 

4-9 

2*5 92 

E Var. 

Trivandrum . 

* 

• 


173 

4-7 

3-8 333 

W- 

-NE 

172 

4-9 

3-4 333 

NW 

Var. 

153 

5-3 

2*9 34 

NW—E 


* For stations marked with an asterisk the available data up to the end of 1931 only have been used ; 



































CIRCULATION OP ATMOSPHERE OVER INDIA 


217 



8 Vw>- above Sea Level over India—April. 


3-0 km. 

4 0 km. 

6 0 kra. 

8-0 km. 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' 

D* 

n 

V 

v D 

D' D" 

n 

V 

v D 

D' 

D* 

31 

6-2 

3-5 81 

NE—SE 

28 

6-5 

5-3 50 

NE 

E 

17 

6-7 

0*3 104 

Var. . 

9 

100 

6*1 301 



142 

9-9 

6-9 264 

W 

Var. 

92 10-5 

7-7 265 

W 

Var. 

36 11-7 

5-7 265 

W Var. 

15 

15-6 

8*2 279 

S—W- 

-N 

187 

8-6 

5*4 296 WNW 

Var. 

134 

8-9 

5-1 299 

Var. 


73 

9-6 

7*2 280 

SW—N 

20 

13 0 10*5 280 

sw—: 

NW 

148 

8-3 

5-8 284 WNW 

Var. 

101 

8-2 

4-6 282 

Var. 


64 : 

10*1 

7-9 275 

SW—N 

17 

13-3 : 

11*6 276 

sw- 

-N. 

231 

8*6 

5-7 286 WNW 

Var. 

197 

9-3 

6-0 289 SW—NW 

—NE 

136 : 

L2-2 10*2 276 

SW—N 

37 

17-6 : 

15*8 286 

sw- 

-N 

281 

7-3 

5-2 287 

S—NW 

240 

9-7 

7-5 290 

SW— 

N 

103 

121 10*1 270 

SW—N 

36 

18-9 

15*5 267 

SW—N 

256 

6-5 

3-7 274 SB—SW 

—NW 

243 

8-1 

5-2 273 

S—NW 

194 

11*4 

8-8 280 WNW Var. 

107 

15*8 

13*0 284 WNW 

Var. 

385 

8*1 

5-3 291 

NW 

Var. 

356 

9-4 

6-9 278 

s—w- 

-N 

266 

19-9 

10*7 281 

SW—N 

175 

17-2 

15*1 281 

sw- 

-N 

420 

5-9 

2-7 306 

NW 

SSE 

379 

6'9 

41 293 

S— NW 

268 

11-5 

9-2 275 

S—NW 

174 

16*5 

14*5 272 

sw— 

NW 

46 

9-2 

7-4 289 

SW— 

NW 

33 

9-9 

8-8 282 

SW—NW 

19 

13-4 

11*7 276 

SW—NW 

6 

18-0 

16*8 295 



160 

8-5 

6-7 254 

WSW 

Var. 

135 

9-6 

7-7 253 

S—W- 

-N 

70 

11-0 

9*6 279 

S—w—N 

16 

17*5 

14*2 281 

SW- 

-NW 

155 

8-9 

7-2 273 

SW— 

N 

117 

10*2 

7-8 273 

s—w- 

-N 

60 

12-6 

10*6 269 

SW—NW 

12 

14-2 

12*2 276 

SW- 

-NW 

493 

10-3 

8-6 286 

SW— 

NW 

448 

11-8 

10-0 279 

SW- 

-N 

344 

15-7 

14-1 276 

SW—NW 

196 

20*7 

18*9 278 

sw- 

-N 

90 

10-3 

9*4 285 

w 

NW 

58 

12-5 

11-7 282 

W 

NW 

19 

15-5 

14-3 284 

SW—NW 

3 

18-7 

16*4 276 


•• 

117 

12-5 

11-8 289 

w 

NW 

84 

13-8 

13-0 289 

w 

NW 

41 

13-8 

12*6 287 

W—N 

16 

14*2 

12*2 284 

w- 

-N 

21 

11-5 

8*8 278 

SW- 

-NW 

15 

12;2 

8-9 291 

WNW 

E 

6 

14-5 

4*6 342 

** 





,, 

62 

10-7 

10-4 262 

w 

sw 

36 

11*4 

10-9 264 

W 

SW 

7 

12-9 

11-6 265 

.. 

1 

25-5 

25*5 280 

•• 


220 

9-3 

8-3 292 

w 

NW 

175 

12-3 

11-2 295 

sw- 

-N 

111 

14:2 

11-8 283 

SW—N 

24 

16-5 

14*7 278 

sw- 

-NW 

68 

100 

91 283 

sw- 

-NW 

50 

130 

11-9 284 

W 

NW 

15 

14-2 

13*3 268 

SW—NW 





•• 

93 

91 

7-7 298 

sw- 

-N 

61 

9-7 

8*5 295 

SW— 

NW 

12 

12-5 

10-2 278 

SW— N 

2 

16-3 

16*1 283 

" 


289 

7-5 

5-9 310 

sw- 

—N 

241 

8-4 

6-7 306 

sw- 

-N 

130 

11-6 

10*4 278 

SW—N 

40 

18*2 

15*5 273 

sw 

—N 

132 

8-2 

7*1 268 

8W— 

-NW 

89 

9-8 

9-0 279 

sw— 

NW 

26 

14-0 

13*1 280 

W NW 

•• 

•• 

.. .. 

•• 

• < 

141 

5-0 

2-2 264 

WSW 

Var. 

115 

5’6 

2-9 265 

Var. 

73 

7-3 

6 0 274 

SW—NW 

10 

10-9 

9*2 264 

sw- 

-NW 

166 

8-4 

7-5 282 

sw- 

-NW 

145 

10-2 

8*9 277 

sw- 

NW 

76 

11-8 

10*4 286 

SW—N 

12 

15*8 

15*1 287 

•• 

•• 

47 

101 

8-9 279 

sw- 

-NW 

36 

11-7 

10-7 276 

w 

NW 

13 

12-7 

10-6 286 

SW—N 

5 

18*0 

16*7 292 



106 

7-3 

6-3 293 

sw 

—N 

81 

9-3 

8*2 302 

w- 

-N 

39 

9-6 

8*8 295 

SW—NW 

11 

. 14*4 

13*4 275 

8W- 

-NW 

236 

6-2 

2-9 186 

Var. 

230 

6-5 

3-5 200 

sw 

S 

198 

9-4 

5*6 289 

W Var. 

126 12-6 

8*9 277 

W 

V*r. 

144 

5-2 

2-9 32 

NE 

Var. 

135 

5*9 

3*7 25 

NE 

N 

94 

7-4 

4*4 299 

W Var. 

59 10-9 

8*8 282 

w 

Var. 

135 

5-3 

3*2 15 

Var. 

105 

6-3 

3-9 5 

NE 

N 

57 

7-4 

4*9 288 

SW—NW 

10 12-4 

6*9 281 

SW—NW—NE 

125 

7-4 

6-2 70 

E 

NE 

87 

7-9 

6-5 67 

NE—SE 

33 

: 7-5 

4-2 38 

NE/E WSW 

2 4*5 

3*2 39 


" 

361 

8-1 

7-3 62 

NE 

E 

312 

81 

6-4 58 

NE 

E 

210 6-5 

1*0 257 

Var. 

139 7-C 

) 1*5 275 

Var. 

232 

81 

6*9 49 

N- 

-E 

211 

7*5 

5-7 42 

N 

—E 

169 5-9 

21 62 

Var. 

51 7*6 0-8 302 

Var. 

223 

51 

2*8 91 

E 

Var. 

199 

4-8 

1-9 96 

E 

Var. 

150 6-2 

1 2*0 68 

E Var. 

78 7*5 1-8 74 

Var. 

127 

7-5 

5 0 56 

ENE 

Var. 

89 

7*9 

4-8 68 

E 

Var. 

30 8-5 

i 4*2 45 

NE Var. 


4 13-3 12-7 73 


" 


<SL 


for the remaining stations, data up to the end of 1934 have been used. 
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APPENDIX A.—Normal Upper Winds up to 


Station. 

0-5 km. 

1-0 km. 

2 0 km. 

n 

V 

v D 

jy 

D" 

n 

V 

v D 

D' 

D* 

n 

V 

v D 

D' D # 

Aden 






61 

3-7 

2*6 94 

ENE 

Var. 

50 

4*3 

CO 

CO 

CO 

ENE 

Var. 

48 

6*2 

3*0 90 

ESE WNW 

Bahrein 






208 

8-6 

6*3 348 

N 

Var. 

201 

8-2 

6-8 333 

NNW 

Var. 

180 

8*8 

0*4 300 

SW—N 

Muscat . 






212 

6-0 

5*2 269 

SW- 

-NW 

214 

7-0 

6*5 283 

SW- 

■NW 

210 

. 6*9 

5*5 295 

NW W 

Gwador 



• ' 



210 

7-3 

5*7 278 

w 

Var. 

202 

8*1 

6*4 291 

WNW 

Var. 

163 

7*1 

0*0 292 

SW—N 

Karachi* 






277 

9-0 

9*3 281 

w 

NW 

252 

10*1 

9*0 290 

W 

NW 

220 

7-8 

0*6 292 

SW—N 

Quetta*. 


• 

• 













804 

4-2 

2*1 270 

WNW S 

Peshawar* 


• 

• 



246 

2-9 

11 353 

.. 

• • 

246 

4*1 

2*8 334 

NNW 

Var. 

246 

5*2 

3*5 314 

NW Var. 

Lahore* 



• 



417 

6-6 

2*0 20 

NNW 

Var. 

410 

0*0 

1*0 340 

NNW 

Var. 

399 

5*8 

2*7 294 

S—W — N 

Simla* . 



• 



.. 

.. 


.. 











Delhi . 



• 



62 

8*4 

2*8 291 

WNW 

ESE 

61 

7*8 

4*5 301 NW/W 

ESE 

68 

7-7 

0*0 801 

SW—N 

Ahmedabad 



7 • 



196 

8*6 

5*7 284 

SW— 

-NW 

187 

7*9 

0*3 284 

W 

NW 

174 

0*8 

5*2 265 

8—W—N 

Ajmer . 






.. 


.. .. 

.. 

.. 

216 

8*8 

7*0 260 

w 

Var. 

206 

8*4 

6*7 281 

SW—NW—NE 

Agra* . 






540 

81 

3*6 297 

NW 

Var. 

545 

7*6 

4*0 300 

NW 

Var. 

509 

7 3 

6*8 290 

NW W 

Allahabad 






164 

70 

1-7 318 

NW 

Var. 

,155 

0*0 

8*3 301 

NW 

Var. 

183 

7*6 

0*5 299 

NW W 

Patna . 






186 

7-3 

2*7 131 

SE 

Var. 

184 

6*4 

2*4 252 

Var. 

176 

8*9 

7*6 294 

NW W 

Rangpur 






47 

6-4 

4*3 125 

NE — SE — SW 

88 

4*9 

2*3 185 

E—8 — W 

32 

0*2 

2*7 257 

W/SW ESE 

Tezpur . 






132 

5-5 

8*5 94 

E 

Var. 

121 

5-0 

1*3 108 

E WSW 

94 

6*3 

2*9 251 

WSW E/NE 

Calcutta* 






868 

8*9 

7*9 208 

SE—SW 

825 

7*6 

5*8 227 

8—W 

269 

5*6 

3*7 287 

S — W — N 

Dacca . 






161 

8-0 

6*9 185 

SE- 

-SW 

128 

8*2 

6*5 200 

E—S — W 

83 

7*4 

4*7 252 

WSW Var. 

Chittagong 





• 

174 

7-1 

60 190 

SE- 

-SW 

167 

6*6 

6*0 204 

SW 

6 

124 

01 

3*9 250 

WSW Var. 

Akyab* 





• 

333 

4-2 

1*5 234 

Var. 

320 

4*3 

1*9 200 

SW 

Var. 

294 

6*1 

2*7 290 

Var. 

Mandalay 





• 

182 

8*9 

8*2 181 

8 


180 

8*1 

7*6 189 

s 


166 

6*0 

4*4 243 

S—W—N 

Rangoon 






181 

7*3 

6 0 262 

SE—SW—NW 

171 

0-3 

4*3 254 

SE—SW—NW 

148 

6*1 

2*5 241 

8 Var. 

Jubbulpore 











186 

8*4 

4-8 800 NW/W 

Var. 

183 

7*2 

6*1 307 

SW—N 

Ranchi . 











01 

5-0 

2*5 255 

NW 

Var. 

01 

7*1 

5*6 816 

NW Var. 

Sambalpur 






116 

5*6 

3*4 208 

SW/S 

Var. 

118 

6*7 

4*0 257 

SW 

Var. 

118 

6*6 

6*0 301 

SW—NW—NE 

Poona* . 











275 

7*2 

6*1 301 

W—N 

256 

6*9 

4*3 326 

NNW Var. 

Hyderabad 







.. 

.. 

.. 


151 

9*2 

5*2 297 

NW 

Var. 

152 

6*2 

1*7 328 

N Var. 

Waltair 






182 

8*6 

7*7 240 

SW 

W 

175 

7*6 

6*2 243 

SW 

W 

156 

4*7 

2*1 831 

NW Var. 

Mangalore 






185 

6*2 

3*7 306 

w- 

-N 

171 

5-0 

3*5 308 

SW—N 

135 

6*8 

3*1 13 

N Var. 

Bangalore* 











421 

5*5 

4*7 278 

SW—N 

403 

5*5 

3*0 352 

N Var. 

Madras . 

. 

• 


• 

. 

278 

9*2 

6*7 237 

S—NW 

277 

71 

4*1 240 

SE—SW 

— NW 

272 

5*2 

21 28 

Var. 

Port Blair 

. 

. 

. 

. 

. 

266 

7-5 

6*3 237 

wsw 

Var. 

236 

6*7 

4*3 233 

WSW 

Var. 

192 

4*7 

0*9 186 

Var. 

Trivandrum 

• 

• 

* 

* 

• 

163 

6-2 

5*2 309 

w- 

-N 

162 

7*1 

6*0 306 

W- 

-N 

130 

6*7 

4*3 330 

W—N—E 



For stations marked with an asterisk, the available data up to the end of 1931 only have been used 
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8 km. above Sea Level over India—May. 


3 0 km. 

4*0 km. 

6*0 km. 

8 0 km. 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' D* 

n 

V 

v D 

D' D' 

n 

V 

v D 

D' D* 

43 

78 

3-3 80 

NE—SB 

35 

10*1 

9*6 53 

NE 

20 

9*0 

6*9 71 

E NE 

4 

8*7 

2*7 125 

.. 

147 

101 

7-5 291 

SW—N 

87 

10*6 

7*4 291 

NNW Var. 

35 

9*3 

6*0 287 

S—W—N 

19 

11*9 

9*7 269 

S—W—N 

183 

7*6 

4-3 294 

WNW 

Var. 

143 

7*3 

2*2 302 

WNW E 

102 

8*4 

4*5 275 

W Var. 

32 

16*1 

14*5 280 

S—NW 

128 

6'0 

3*5 292 

WNW 

Var. 

96 

6*3 

2*2 299 

W Var. 

72 

10*7 

7*7 280 

SW—N 

15 

14*3 

12*6 257 

WSW N 

170 

6-3 

4-5 304 NW/W 

Var. 

145 

7*1 

3*7 323 

NNW Var. 

103 

10*7 

7*7 292 

S—W—N 

39 

14*6 

13-3 277 

SW—NW 

295 

8-3 

7-3 299 

NW 

Var. 

251 

11*0 

9*7 298 

W NW 

110 

11*1 

8*5 298 

S—W—N 

52 

12*8 

9*7 301 

SW—N 

243 

6-5 

4 0 292 NW/W 

Var. 

227 

7*9 

4*8 264 

S—W—N 

195 

11*3 

8*6 279 

W Var. 

106 

13*3 

110 282 

SW—N 

371 

7-4 

4-8 294 

SW- 

-N 

386 

9*4 

6*6 294 

NW Var. 

248. 

11*7 

9*4 286 

SW—NW 

158 

15*6 

13-4 285 

WNW Var. 

400 

6-3 

2-9 303 NW/W 

SSE 

404 

7*7 

3*7 298 

SE—SW—NW 

272 

10*1 

6*4 274 

NWW Var. 

183 

14*2 

11*3 271 

W Var. 

46 

10-2 

8-8 298 

SW—NW 

27 

12*1 

10*0 305 

W—N 

12 

9*5 

8*7 302 

W—N 

5 

12*9 

12 0 297 


150 

6-8 

3-7 268 

w 

Var. 

121 

7*2 

4*1 269 

BW—N 

86 

8*7 

6 1 299 

SW—NW—NE 

24 

12*4 

10 0 289 

SW—N 

170 

7-9 

5*4 294 

NW 

Var. 

119 

8*9 

5*7 301 

SW—N 

63 

12*6 

9-1 296 

SW—NW—NE 

10 

16*6 

14*7 292 

NWW Si 

453 

90 

7-1 293 

NW 

W 

382 

9*9 

7*8 287 

S—W—N 

265 

11*9 

£•8 283 

SW—N 

163 

14*7 

11*3 276 

S—W—N 

10* 

101 

6-6 291 

NW 

W 

69 

12*2 

9-9 293 

SW—NW 

23 

13*3 

11*8 285 

NW W 

12 

17*3 

14*7 276 NW W 

142 

12-5 

11-3 299 

NW 

W 

96 

12*7 

11*9 299 

NW Var. 

48 

13*0 

10-6 296 

NW Var. 

18 

14*1 

11*8 279 

SW—N 

25 

9-2 

4-7 288 

W 

E 

19 

9*6 

4*1 311 

WNW E 

10 

8*3 

2*7 301 

W ENE 

4 

10*5 

8*7 264 

t • •• 

52 

6-6 

41 256 

WSW 

ENE 

34 

5*6 

2*8 271 

WSW E 

18 

7-9 

4*4 273 

W 

4 

130 

10*4 252 

.. 

227 

7-9 

6-3 313 

W— 

•N 

174 

10*6 

9*2 313 

SW—N 

96 

8*8 

6*6 287 

SW—N 

42 

9*0 

5*9 260 

WSW Var. 

50 

8-7 

6*4 290 

WNW 

Var. 

33 

8*8 

5*8 297 

NW SSE 

17 

7-7 

3*7 289 

W Var. 

4 

3*3 

1*5 269 

.. 

80 

7-5 

5-6 298 

sw- 

-N 

47 

7*5 

6*1 299 

SW—N 

21 

7*8 

5*6 268 NW/W S 

5 

6*2 

1*9 308 

• • • • 

248 

61 

3*4 315 

NW 

Var. 

214 

7*1 

4*6 308 

SW—N 

112 

8*4 

5*6 280 

S—W—N 

45 

11*2 

8*1 268 

SW—N 

129 

6-9 

5-4 271 S—W 

—N 

93 

7*7 

6*4 276 

SW—NW 

29 

7*2 

5*2 266 

SW—NW 

7 

4*3 

3*7 240 

• t ♦ • 

121 

5-2 

1-2 305 

NW 

Var. 

83 

4-9 

0*9 310 

SW NNE 

46 

6*9 

1*9 277 

Var. 

6 

9*2 

3*2 23 

• • • • 

169 

7-8 

6-3 302 

WNW 

Var. 

146 

8*8 

6*7 291 

SW—N 

67 

10*1 

7*9 298 

SW—N 

13 

13*4 

12*7 271 

W 

55 

10*3 

8*6 308 

NW 

Var. 

38 

13*2 

11*1 301 

W—NE 

21 

13*1 

11*1 296 

SW—N 

4 

16*6 

13*5 287 

.. 

106 

7-8 

5*9 306 

W—N 

—E 

72 

8-9 

7*3 314 

W—N 

28 

7*1 

4*9 301 

W—N 

8 

12*4 

10*5 299 

• • • • 

242 

5-5 

1*2 221 

ssw 

Var. 

225 

5*9 

2*1 190 

SSW Var. 

179 

7*1 

4*2 30 

NNW Var. 

121 

8*7 

5*1 800 

SW—N 

150 

5-4 

3*3 34 

NE 

Var. 

137 

6*7 

4*5 45 

NE Var. 

87 

6*5 

3*4 12 

W—N—E 

48 

7*8 

3*6 332 

SW—NW—NE 

129 

5-9 

3-9 8 

N 

Var. 

97 

7*1 

4*9 10 

NW—NE 

46 

7*3 

4*4 359 

SW—NW—NE 

8 

9*7 

6*4 21 

.. 

104 

6*7 

5*0 65 

E 

NE 

75 

8*7 

7*2 78 

E 

38 

5*7 

1*5 31 

NE—S 

5 

7*2 

2*5 383 

* * * * 

351 

6-6 

5*0 59 

NE 

Var. 

304 

8-1 

6-3 6* 

NB B 

1M 

5-5 

2*2 46 

E Var. 

117 

6*3 

2*1 26 

Var. 

253 

7*4 

5*8 41 

NE 

Var. 

232 

8*5 

6*5 42 

NE Var. 

168 

6-8 

4-2 61 

Var. 

67 

7*1 

3*3 58 

NE Var. 

150 

4-9 

1*2 92 

ESE 

Var. 

118 

51 

0*5 187 

Var. 

72 

5*1 

1*1 192 

S Var. 

28 

5*9 

1*5 289 

W Var. 

90 

8*9 

4*0 18 

NE 

Var. 

53 

9*4 

2*9 20 

WNW Var. 

15 

9*2 

3*3 43 

NNW ESE 

3 

6*8 

4*3 129 

.. .. 


for the remaining stations, data up to the end of 1934 have been used. 
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RAMANATHAN AND RAMAKRISHNAN. 


APPENDIX A-Normal Upper Winds up to 


Station. 

0-5 km. 

1*0 km. 

2*0 fcm. 

n 

y 

v D 

D' 

D' 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' D' 

Aden 






57 

4*9 

3*2 203 

ssw 

Var. 

55 

5*6 

3*3 214 

SSW 

Var. 

53 

4*0 

0*4 67 

Var. 

Bahrein 




. 


195 

14-0 

13 0 344 

N 

NW 

155 

120 

11*1 343 

w- 

-NE 

117 

9*7 

8*1 336 

N NW 

Muscat . 




. 


209 

4*6 

3*3 282 

WNW 

Var. 

209 

6*1 

4*6 297 

w- 

-NE 

202 

6-8 

4*4 327 

NNW Var. 

Gwador 




. 


193 

4*4 

1*9 244 

w 

Var. 

165 

5*6 

2*7 300 

WNW 

Var. 

126 

7*0 

4*2 338 

W—N—E 

Karachi* 



• 

• 


268 

9*6 

8*9 265 

sw- 

-NW 

211 

9*3 

7*9 272 

W 

Var. 

154 

0*8 

3*8 297 

WNW Var. 

Quetta* 
















308 

>«*0 

1*6 246 

S WNW 

Peshawar* 


. 




240 

3-4 

1*8 346 



240 

4*0 

2*5 330 

NNW 

Var. 

240 

5*1 

3*5 801 

NW Var. 

Lahore* 

, 



. 


375 

6-5 

1*3 202 

Var. 

368 

5*4 

1*9 265 

WNW 

Var. 

336 

4*6 

2*9 302 

WNW Var. 

Simla* . 

. 



. 



.. 













Delhi . 

• 

• 




59 

9-6 

3 0 296 

NW 

Var. 

58 

9*8 

4*3 303 

NW 

SSE 

50 

7*7 

5*4 305 

NW SE 

Ahmedabad 






205 

8*4 

7*4 248 

wsw 

Var. 

194 

8*7 

7*7 254 

WSW 

Var. 

159 

6'5 

3*4 845 

SW Var. 

Ajmer . 











207 

9*7 

8-7 262 

W 

Var. 

181 

6 -.0 

4*0 287 

WNW Vaa?. 

Agra* . 






. 528 

8-0 

3 4 273 

WNW 

Var. 

520 

7*7 

4*4 292 

WNW 

Var. 

477 

70 

50 314 

W-—N-^E 

Allahabad 



i 



149 

7*5 

2-5 275 

w 

Var. 

147 

7*8 

3*7 292 

WNW 

Var. 

116 

7*0 

4*2 315 

NW Var, 

Patna . 



• 



177 

7*3 

3*4 125 

SE 

Var. 

170 

6-6 

1*5 180 

SE 

Var. 

155 

7*2 

2*9 299 

WNW Var. 

Rangpur 






45 

6*7 

4*8 130 

NE—SE—SW 

32 

6*5 

2*9 129 

ESE 

Var. 

21 

6*8 

1« 264 

E WNW 

Tezpur . 






119 

4*9 

1*3 175 

E—S—W 

104 

5*0 

0*9 253 

E— 

S—W 

82 

7*0 

4*3 240 

WSW E 

Calcutta* 






351 

8*5 

6*6 208 

SW 

S 

307 

7*8 

5*1 224 

SW 

Var. 

222 

6*3 

2-8 278 

W Var. 

Dacca . 






145 

8-2 

2*5 179 

E- 

-SW 

97 

7*1 

5*2 182 

E- 

-S—W 

66 

0 6 

1*5 231 

S Var. 

Chittagong 






155 

9*6 

9*0 171 

SE—SW 

128 

8*8 

8*2 179 

SE- 

—SW 

87 

7*0 

5*3 192 SE—SW—NW 

Akyab* 






253 

6-6 

5*0 185 

SE- 

-sw 

208 

6*7 

4*5 203 

S 

Var. 

135 

6*7 

1*7 227 

SSW Var. 

Mandalay 






178 

1.1-8 

11*1 180 


5 

176 

120 

11*9 185 


S 

147 

7*5 

6*5 211 

SE—W 

Rangoon 






175 

8*1 

6*9 217 

SE- 

— w 

151 

8*4 

7*1 230 

SE—W 

94 

8*2 

6*8 229 

S—W 

Jubbulpore 











174 

9*1 

7*5 279 

S— 

W—N 

158 

7*3 

5*5 313 

NW Var. 

Ranchi . 








.. .. 



58 

8*4 

4*1 246 

S- 

-NW 

52 

8*2 

3*8 287 

S—W—N 

Sambalpur 






129 

5*9 

4*1 228 

SW 

Var. 

122 

7*6 

5-6 264 

WSW 

Var. 

106 

7*8 

5*2 300 

WNW Var. 

Poona* . 











278 

7*8 

7*0 264 

sw 

—NW 

j 197 

6*8 

3*5 283 

• W Var. 

Hyderabad 

. 










147 

12*5 

11*4 284 

w 

NW 

129 

8*3 

6*5 297 

SW—N 

Waltair 






175 

9*8 

8*7 252 

W 

SW 

165 

10*0 

8*8 266 

SW—N 

135 

7*2 

5*7 293 

SW—NW—NE 

Mangalore 

• 





176 

6*9 

5*6 263 

S—NW 

136 

9*1 

8*1 274 

S- 

-NW 

63 

8*4 

6*9 277 

aw —n 

Bangalore* 











359 

8*2 

7-8 264 



230 

9*3 

8*0 279 

SW—N 

Madras . 


. 

, 

. 


269 

12*1 

11*4 268 

SW 

-NW 

267 

12*1 

11*4 281 

SW—NW 

262 

8*0 

7*2 281 

SW—N 

Port Blair 

• 



. 

• 

257 

11*7 

11*2 237 

s- 

-W 

201 

11*7 

11*1 242 

s- 

-NW 

130 

8-9 

7*9 244 

SE—SW—NW 

Trivandrum 

• 

• 

• 

• 

• 

136 

7-8 

6*8 299 

w 

—N 

128 

10*2 

9*4 296 

. .SW—N . 

76 

12*2 

10*3 807 

W—N 


* For stations marked with an asterisk, the available data up to the end of 1931 only have been used. 
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8 km. above Sea Level over India—June. 


3*0 km. 

4 0 km. 

6-0 km. 

8-0 km. 

n 

V 

v D 

D' 

D* 

n 

V 

v D 

D' D" 

n 

V 

v D 

D' D* 

& 

V 

v D 

D' 

D* 

50 

6-5 

3*4 44 

W—N—E 

47 

9-2 

8-1 36 

NE N 

25 

13-0 

12-1 43 

NE 

8 

9-0 

7-9 60 



75 

8-5 

4*7 344 

N 

Var. 

52 

9-0 

3-0 21 

NNW Var. 

24 

6-6 

1-9 19 

Var. 

14 

8-5 

1-5 295 

W 

ENE 

174 

6*5 

2-1 17 

NNE 

Var. 

139 

7*8 

4-5 62 

ENE Var. 

76 

8-2 

5-6 34 

NW—E 

19 

7-1 

3-6 28 

N 

Var. 

93 

7-4 

4-5 11 

N 

Var. 

63 

7-9 

5-6 34 

NW—E 

27 

9-5 

5-2 29 

Var. 

6 

6-4 

3-3 23 

*.. 


117 

6* 3 

3*2 19 

NE 

Var. 

97 

8-0 

5-9 86 

NE Var. 

57 

9-3 

1-5 3 

SW Var. 

24 

9-7 

5-4 258 

WSW 

Var. 

306 

6*6 

5*6 304 

aw- 

-N 

280 

8-0 

6-7 303 

SW—N 

150 

10-3 

6-6 308 

SW—NW—NE 

68 

14-0 

11-0 287 

SW—NW—NE 

237 

5-6 

3-8 296 

s—w 

—N 

227 

6-4 

4-7 287 

S—W—N 

178 

9-9 

8-1 292 

SW—NW—NE 

73 

12-3 

9-6 297 

SW—NW—NE 

! 281 

5-6 

4-2 316 

NW 

Var. 

249 

7-2 

5-8 320 

W—N 

1C6 

8-6 

6-6 303 

SW—N 

112 

13-8 

11-4 268 

sw- 

-NW 

400 

6*6 

1-3 308 

NW 

SE 

315 

6-7 

3*9 312 

NW SE , 

200 

7-2 

4-3 277 

SE—SW—NW 

134 

13-6 

8-9 263 

w 

Var. 

29 

71 

4-5 314 

NW 

Var. 

17 

7-0 

5-2 353 

NNW E 

8 

10-8 

9-2 318 


3 

20-3 

18*5 300 


*• 

117 

6-0 

1-0 99 

Var. 

92 

7-1 

2-7 64 

NE Var. 

55 

6-7 

1-7 343 

Var. 

22 

7-0 

2-3 300 

sw- 

—N 

i 147 

6-6 

2-4 332 

Var. 

112 

7-7 

3-3 343 

N Var. 

70 

9-5 

4-9 337 

SW—NW—NE 

18 

13-5 

10-0 311 

w- 

-N 

394 

7-4 

5*3 319 

SW—NW—NE 

333 

7-9 

5-2 322 

SW—NW—NE 

242 

7-7 

3-8 284 

W Var. 

161 

16-4 

4-1 267 

w 

Var. 

76 

8*1 

4-3 320 

NW 

Var- 

44 

8-4 

3-9 323 

WNW ENE 

18 

10-1 

3-0 250 

WSW ENE 

10 

12-4 

4-5 270 

W—N—E 

130 

8-8 

5-4 306 

NW 

Var. 

98 

8-3 

4-6 292 

WNW Var. 

58 

6-6 

2-4 260 

WSW Var. 

31 

8-0 

4-6 244 

SE—SW—NW 

; 11 

6-5 

8-7 86 

E 

W 

7 

6-5 

2-9 74 


2 

5-7 

1-6 115 







53 

6-6 

2-8 288 

wsw 

ESE 

34 

6-2 

1-1 265 

WSW E 

14 

7-2 

4-1 231 

.. 

3 

8-5 

4-3 249 

.. 


169 

7*2 

4-0 319 

NNW 

Var. 

111 

7-4 

4-4 325 

NW VaT. • 

56 

8-3 

0-5 118 

E Var. 

20 

6-7 

2-2 140 

E 

Var. 

43 

7*6 

0-9 251 

Var. 

26 

6-1 

1-4 135 

SE NW 

9 

4-8 

2-9 176 

.. .. 

1 

6-5 

6-5 180 


,, 

47 

6-4 

2-3 210 

S 

Var. 

31 

5-8 

2-3 213 

.. 

9 

6-5 

3-7 185 

.. 



.. .. 


... 

100 

6-6 

1-4 286 

SW 

Var. 

57 

5-5 

0-9 192 

S Var. 

31 

5-8 

10-8 129 

SE Var. 

11 

6-2 

4-9 105 

E 

SE 

91 

6-0 

3-8 240 

SE—SW- 

-NW 

69 

5-8 

3-4 257 

SE—SW—NW 

37 

4-8 

2-6 221 

SE—W 

6 

5-6 

2-1 130 

.. 


40 

7*5 

61 238 

wsw 

Var. 

21 

6-0 

4-0 240 


3 

2-7 

2-1 241 

.. ,, 





.. 

134 

6-9 

4-5 336 

NNW 

Var. 

93 

6-8 

3-2 843 

W—N—E 

34 

6-8 

3-4 2fe7 

W E 

9 

6-8 

1-7 309 

.. 


40 

7-5 

4-5 301 

NW 

Var. 

33 

7’4 

5-3 290 

S—NW 

16 

7*3 

5-1 266 

s—w—N 

6 

6-8 

4‘0 240 

•* 

•- 

89 

7-2 

4-3 324 

NNW 

Var. 

65 

7-5 

4-2 330 

SW—NW—NE 

28 

6-2 

0-6 313 

NNW SE 

4 

8-1 

3-7 29 



148 

6*1 

1-1 63 

Var. 


118 

5-3 

1-2 99 

Var. 

68 

5-8 

1-9 44 

NE Var. 

35 

4-3 

2-0 76 

NE— 

-SE 

111 

5-5 

2-1 297 

Var. 


89 

5-4 

0-9 265 

W Var. 

46 

4-8 

0-5 153 

Var. 

16 

4-5 

2-6 69 

NE 

91 

5-5 

3-2 318 

W—N'E 

52 

5-6 

1-8 8 

N Var. 

20 

6-1 

1-7 45 

E Var. 

4 

4-7 

3-5 80 


,. 

30 

6*5 

2-8 300 

WNW 

SE 

15 

5-9 

1-2 68 

•* 

7 

3-3 

11 220 

• 

3 

2-8 

2-4 343 

•• 

*• 

143 

6-2 

2-4 297 

W 

Var. 

103 

5-9 

0-4 88 

E Var. 

56 

6-4 

0-5 225 

W Var. 

21 

6-7 

3-9 103 

NE—9 

229 

71 

5*4 276 

w 

Var. 

176 

6-8 

3-5 277 

W Var. 

81 

5-4 

1-4 271 

.. 

33 

6-0 

2-9 81 

.. 

,, 

69 

6-9 

5-1 241 

wsw 

Var. 

40 

6-1 

3-9 234 

SE—SW—NW 

20 

5-9 

1-8 168 

SSW N 

8 

6-0 

4-3 78 

.. 


47 

110 

9-1 209 1 

3W—NW- 

—NE 

21 

8-1 

5-5 300 WNW NE 

7 

7-7 

5-8 331 

.. 

1 

0-5 

0-5 10 

•• 



f 2 


£or the remaining stations, data up to the end of 1934 have been used. 
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Station. 




0*5 km. 

1*0 km. 

2 0 km. 






n 

V 

V D 

D' 

D* 

x> 

V 

v D 

D' 

D' 

n 

V 

V D 

D' 

D' 

Aden 




. 


62 

60 

3-2 225 

WSW 

ENE 

61 

6-8 

4*2 238 

WSW 

Var. 

56 

60 

3-2 255 

WSW 

Var. 

Bahrein 




• 


201 

12*5 

8*8 332 

N 

NW 

161 

11-9 

11 1 344 

N 

NW 

106 

10-2 

8-7 837 

NW—E 

Muscat . 




• 


207 

8-6 

1-6 292 

WNW 

Var. 

213 

4-8 

3-2 296 

WNW 

Var. 

199 

61 

4-0 327 

NW 

Var. 

Gwador 




• 


212 

3-6 

1-5 173 

E—S* 

—W 

135 

41 

0-8 276 

W 

Var. 

91 

5*6 

2-8 343 

W— 

N—E 

Karachi* 






27a 

10-5 

9*5 265 

W 

SW 

208 

91 

7-4 271 

W 

Var. 

110 

6-5 

31 853 

NW 

Var. 

Quetta*. 
















334 

3-3 

2-0 184 

S 

Var. 

Peshawar* 

• 


• 



247 

3*4 

2-3 358 

.. 

.. 

245 

2*8 

0-8 349 

NNW 

Vaf. 

240 

3-5 

1-3 264 

WNW 

Var. 

Lahore* 

• 


• 



411 

6 r 0 

2-8 152 

SSE 

Var. 

407 

6-2 

1-9 201 

Var. 

364 

4-6 

1-3 297 

WNW 

Var. 

Simla* • 

• 


• 

• 



.. 

. 

.. 











.. 

Delhi . 

• 

• 

• 

• 


60 

6-9 

1-2 216 

w 

Var. 

56 

7-7 

1-7 254 

WNW 

Var. 

44 

6-7 

1*2 352 

NW 

Var. 

Ahmedabad 

• 

• 

• 



198 

9-8 

8*6 251 

S-NW 

157 

9-9 

9-3 257 

SW—NW 

77 

7*7 

5-6 236 

SW 

Var. 

Ajmer . 

• 

• 

• 

• 


.. 

.. 

.. .. 

.. 

.. 

196 

8-5 

61 263 

w 

Var. 

139 

5*2 

0-8 354 

Var. 

Agra* . 

• 

• 

• 

# 

• 

627 

7*2 

1*9 254 

w 

Var. 

486 

7-3 

2-1 295 

WNW 

ESE 

420 

6-5 

2-8 356 

NNW* 

Var. 

Allahabad 

• 

m 

• 

• 


150 

8-5 

1*1 270 

w 

E6E 

130 

7-9 

2-3 298 

WNW 

ESE 

92 

7-9 

1*6 355 

NW 

E/SE 

Patna • 

• 

• 

# 


• 

188 

7-9 

3-2 110 

E/SE 

W 

165 

7*7 

2-9 107 

E/SE 

W 

128 

7-5 

3-4 96 

E 

Var. 

Pangpur 

• 

• 

• 

* 


24 

8-4 

7-9 115 

SE 

E 

20 

90 

8-3 112 

NE—S 

13 

9-6 

9-1 95 

E 

SE 

Tezpur . 

• 

• 


a 


120 

4-9 

9*5 152 

E—S—W 

102 

5-1 

1-4 179 

E 

Var. 

81 

6-3 

1*6 158 

E 

SW 

Calcutta* 

• 


. 

• 


334 

8-2 

4-8 213 

sw 

Var. 

275 

7-8 

4-5 222 

SW 

Var. 

167 

6-3 

3-2 216 

SW 

Var. 

Dacca • 

• 


. 

• 

. 

160 

7-8 

5-6 163 

E—S—W 

93 

7-9 

4-8 164 

SE 

Var. 

56 

7-2 

4-2 140 

ESE 

Var. 

Chittagong 

• 


• 

• 

• 

143 

9-4 

8-7 164 

SE—SW 

116 

90 

7-7 171 

SE—SW 

79 

81 

61 164 

S 

Var. 

Akyab* 






209 

7-4 

6-0 190 

E—S—W 

152 

7-5 

6*2 211 

E—S—W 

87 

6-8 

4-8 217 

SW 

Var. 

Mandalay 




• 


180 

11-2 

11-1 179 

s 


174 

121 

11-9 186 

s 

SW 

134 

80 

6-7 212 

sw/s 

Var. 

ltangoon 


• 




177 

9-3 

7-7 230 

SE—W 

147 

9-5 

8-5 244 

SE- 

-W 

98 

8*9 

7-9 247 

SE—SW—NW 

Jubtulpore 






•• 

• • 

.. .. 

• • 

• * 

144 

9-5 

8-1 276 

w 

Var. 

91 

71 

4-7 294 

WNW 

Var. 

Kanohi . 


m 


• 


• * 

• * 

M M 

•• 

• « 

23 

7-5 

4*4 301 

WNW 

Var. 

16 

58 

2-4 826 

WNW 

NE 

Sambalpur 




• 


126 

7-0 

5*5 247 

WSW 

Var. 

108 

9-5 

7-4 272 

SW—NW—NE 

60 

9-3 

6*7 292 

WNW 

ENE 

Poona* . 

• 

• 

• 

• 


•• 

•• 

.. 

<• 

•• 

248 

11-7 

10-6 259 

W 

SW 

58 

12*4 

11*6 264 

W 

SW 

Hyderabad 

• 

• 

. 

• 


•• 


.. .. 


•• 

145 

14-7 

14 0 279 

w 

NW 

103 

12-8 

12-2 286 

W 

NW 

Waltair 

• 

- 

- 

• 


171 

10-2 

9-1 256 

w 

SW 

158 

110 

10*2 271 

sw- 

-NW 

113 

12-9 

10-6 292 

SW—N 

Mangalore 

• 

• 

* 



185 

9-6 

8-7 2T0 

w 

Var. 

131 

11-9 

11-4 280 

w 

NW 

40 

101 

7-6 291 

W—N 

Bangalore* 



. 

• 

. 






309 

8-6 

6*6 259 

4 • 


168 

9-6 

9-4 277 

SW—NW 

Madras . 

• 

• 

• 

• 

- 

278 

11-7 

11-1 268 

SW—NW 

278 

12-4 

11*8 282 

SW— 

-NW 

272 

10-9 

10*1 285 

SW—NW 

Port Blair 

• 

• 

* 

• 

• 

267 

11-8 

11 0 236 

S—W 

209 

11-9 

11-4 241 

SE—W 

106 

8-2 

7*1 241 

SE—W 

Trivandrum 

• 

• 

• 

• 

• 

ie7 

81 

7-6 807 

NW 

w 

1 

166 

11*8 

10-6 304 

NW 

W 

103 

13-8 

12-9 303 

NW 

W 


For stations marked with an asterisk, the available data up to the end of 1931 only have been used; 
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<SL 


3-0 km. 

4*0 km. 

6*0 km. 

8*0 km. 

n 

V 

v D 

D' D' 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' 

D' 

49 

4-9 

3-5 310 

W—N 

39 

6*4 

4*6 3i 

N- 

-E 

27 

15*0 

14*1 41 


N—E 

4 

8*9 

8*5 44 



66 

7-7 

4-2 325 

NW Var. 

47 

7*1 

1*0 67 

NW—NE—SE 

19 

6*9 

3*1 36 

NW- 

-NE—SE 

6 

6*3 

5*5 54 



168 

6-4 

40 17 

N Var. 

128 

7*8 

5*6 49 

NE 

Var. 

52 

8*6 

7*2 72 

N—SE 

6 

7*2 

7*1 76 



68 

6-2 

4-4 353 

W — N — E 

42 

7*6 

6*1 17 

N 

NW 

11 

7*0 

4*0 66 


N—E 

1 

6*5 

6*5 45 



79 

8*4 

6*4 32 

NW—E 

56 

11*3 

9*6 49 

N- 

-E 

21 

12*3 

11*2 59 

N—SE 

5 

13*1 

11*8 53 



323 

5*8 

4-3 294 

SW—N 

277 

6*9 

4*6 304 

W- 

-N 

143 

7*2 

1*5 347 


Var. 

76 

9*0 

4*3 334 

NW 

Var. 

232 

5-2 

4-2 302 

WNW Var. 

215 

6*0 

4*7 320 

W- 

-N 

172 

7*9 

4*9 324 

WNW Var. 

78 

11*7 

8*0 295 

sw- 

-N 

303 

5-3 

2-9 337 

NNW Var. 

251 

6*3 

4*1 344 

N 

NW 

160 

6*4 

2*4 290 


Var. 

114 

9*2 

5*3 267 

sw 

Var. 

288 

5-2 

31 319 

NW SE 

210 

5*0 

2*1 317 

NW 

SE 

119 

6*1 

2*1 241 

SW 

Var. 

81 

9*8 

6*4 247 

sw 

Var. 

27 

6-5 

20 35 

Var. 

16 

5*8 

1*7 10 

W 

ESE 

9 

8*1 

2*8 112 

•• 


3 

8*2 

7*7 234 

* • 

• • 

38 

6-5 

1-6 221 

Var. 

27 

4*5 

2*0 77 

NE- 

-SE 

11 

4*6 

2*6 77 



4 

6*4 

5*0 96 



107 

61 

2-8 53 

E Var. 

72 

6*3 

3*4 42 

N— 

-E 

36 

7*4 

1*9 59 

NE 

Var. 

7 

9*1 

3*8 76 

.. 

.. 

329 

6-7 

2-5 343 

N Var. 

257 

6*1 

1*7 27 

NNW 

E/SE 

172 

60 

2*0 120 

ESE 

Var. 

115 

6*4 

8*2 113 

E 

SE 

47 

71 

2-3 66 

Var. 

28 

6*9 

1*9 30 

NNW 

ESE 

10 

8*0 

6*2 88 

.. 

.. 

3 

7*5 

5*6 74 

.. 

.. 

96 

7-6 

4*0 100 

E Var. 

73 

6*9 

3*6 108 

E 

W 

38 

7*9 

6*1 94 

E 

SE 

16 

7*9 

7*4 98 

•• 

•• 

11 

10-3 

9*8 95 

E SE 

7 

7*9 

7-1 105 



4 

7*4 

4*2 124 








64 

6-3 

2-8 114 

E/SE SW/W 

44 

5*2 

2*7 129 

E/SE 

wsw 

14 

4*9 

3*6 110 

E 

SW 

12 

4*6 

3*3 90 

E 


114 

6-8 

21 193 

SW Var. 

79 

5*3 

2*0 162 

E—S- 

-w 

44 

5*3 

2*9 112 

SE 

Var. 

15 

7*7 

6*9 111 

E 

SE 

22 

7*0 

4-1 106 

E W/SW 

10 

8*9 

7*4 95 

.. 


2 

9*5 

7*1 84 

.. 

.. 

1 

5*0 

5*0 210 

.. 

.. 

45 

7-5 

6-6 152 

E—SW 

24 

6*9 

6*3 138 

E 

SE 

6 

5*8 

4*3 140 

•• 






•* 

69 

6-2 

3-2 223 

SW Var. 

39 

6*4 

1*4 195 

E—S—W 

18 

5*5 

4*4 117 

NE—S 

5 

8*0 

7*3 99 



69 

6-7 

2 2 253 

SE—SW—NW 

36 

5*2 

2*7 221 

W 

SE 

12 

4*7 

2*3 175 


S 





• • 

54 

8>7 

7-2 252 

SE—SW—NW 

20 

7*3 

4-5 255 

W 

SW 

7 

6*4 

1*9 147 

.. 






.. 

53 

6-5 

1*6 314 

Var. 

26 

5*5 

3*3 18 

. • 

.. 

12 

6*6 

1*6 69 

.. 

.. 

l io*5 : 

10*6 85 

.. 

.. 

9 

4-0 

1*2 7 WNW NE 

5 

4-3 

2*9 45 

•• 

•• 

4 

6*1 

5*7 70 








86 

7-2 

31 290 

NW Var. 

23 

5*3 

0*9 303 



8 

5*0 

1*5 132 



2 

6*3 

6*1 84 



15 

61 

3-5 248 

E—S—W 

9 

3-4 

1*9 244 

.. 

.. 

4 

4*1 

2*8 161 

.. 

.. 

3 

4*8 

4*7 104 


.. 

65 

8-4 

7-7 278 

SW—NW 

39 

7-7 

6*9 283 

w 

NW 

16 

6*3 

2*4 293 


.. 

4 

4*7 

8-1 87 


• • 

66 : 

10-1 

9-3 287 

SW—N 

25 

8*5 

5*8 289 

SW—NW 

8 

8*7 

7*7 68 

.. 

• * I 

1 

9*0 

9*0 100 


• • 

16 

8-2 

5*9 274 W/NW E 

5 

5*5 

3*7 165 

•• 

•• j 

8 

7*8 

7*5 122 

•• 






• • 

183 

6*1 

5-8 277 

S—NW 

50 

4-5 

2*5 263 

w 

NW 

25 

4*5 

2*1 124 

ESE 

sw 

11 

7*5 

7*0 97 

E v 

SE 

206 

9-2 

8*4 276 

SW—NW 

141 

8-4 

7*2 270 

SW—NW 

68 

6*2 

1*7 256 WSW 

E 

21 

6*0 

8*0 85 NW—NE—SE 

68 

6-3 

4 0 233 SE— SW—NW 

45 

6*0 

3*1 222 

S—NW 

24 

5*6 

2*8 138 

NE—S 

7 

7-0 

7*0 106 

• • 

• • 

45 12-7 110 303 

NW W 

18 13-0 10*7 306 

W—NE 

3 13*7 10*8 315 

•• 

•• 

1 10*0 10-0 95 

•• 

•• 


tor the remaining stations, data up to the end of 1934 have been used, 


























RAMANATHAN AND KAMAKRISHNAN. 


224 


APPENDIX A.—Normal Upper Winds up to 








0-6 km. 

1-0 km. 

2*0 km. 

:■ Y'v'. 

Station. 




n 

y 

v D 

D' D" 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' 

D" 

Aden 






62 

7-5 

5-7 241 

WSW NE 

62 

7*5 

6 0 246 

W 

SW 

56 

6-8 

5-5 263 

,.SW- 

-NW 

Bahrein 






206 

8-8 

6*4 346 

NNW Var. 

178 

7-7 

6 3 351 

NNW 

Var. 

149 

6-8 

5-2 348 

NW- 

—E 

Muscat . 




k 


206 

2*6 

0-5 299 

Var. 

209 

3-7 

21 303 

WNW 

Var. 

206 

5-4 

3-1 347 

W—N—E 

Gwador 




• 


186 

8-1 

1-6 167 

E—S—W 

77 

4*0 

0-7 344 

Var. 

38 

5*4 

8-2 357 

NW 

Var. 

Karachi* 




• 


275 

9-4 

9*0 269 

SW—KW 

183 

8-3 

7-0 275 

SW—NW—NE 

96 

6-8 

3-9 13 

N 

Var. 

Quetta*. 















335 

2-9 

1*1 209 

S 

Var. 

Peshawar* 


• 


• 


244 

3-3 

2*2 350 

M 

244 

2-7 

0-8 360 

NNW 

Var. 

235 

31 

1*4 255 

NW 

Var. 

Lahore* 




• 


406 

5*5 

2-5 198 

Var. 

400 

4*6 

1*9 227 

W 

Var. 

369 

3-8 

1*4 301 

NW 

Var. 

Simla* . 


• 


• 















•• 

Delhi . 




• 


61 

8-1 

2-3 233 

SE/E W 

58 

7-7 

0-8 240 

SE 

WNW 

51 

5-3 

1*9 63 

NW—NE—SE 

Ahmedabad 






197 

9-3 

8*6 261 

SW—N 

160 

9-2 

8-5 258 

sw- 

-N 

67 

7-4 

5-5 235 

SW 

Var. 

Ajmer . 




. 




.. 

.. 

179 

80 

5*6 267 

w 

Var. 

114 

4-6 

11 78 

ENE 

Var. 

Agra* . 






506 

7-3 

2>3 276 

W Var. 

491 

7-1 

21 313 

WNW 

ESE 

423 

60 

1*7 41 

NW 

Var. 

Allahabad 




. 


137 

7*4 

1-6 259 

W Var. 

117 

6*8 

1*6 282 

W 

ESE 

78 

6-2 

11 328 

WNW 

Var. 

Patna . 




• 


192 

7-6 

1-9 113 

ESE Var. 

172 

7-5 

1*9 95 

ESE 

Var. 

141 

7*3 

2-8 97 

E 

Var. 

Bangpur 




• 


29 

5-9 

4-9 130 

NE—SE—SW 

22 

6*0 

5-1 117 

NE—S 

13 

6-5 

5-4 101 

NE—S 

Tezpur . 

. 

0 


• 


118 

5-1 

1-8 223 

WSW ESE 

103 

5-6 

2 0 226 

WSW 

E 

73 

5-8 

1-7 216 

WSW 

E 

Calcutta* 




• 


343 

6-8 

2-9 200 

SW Var. 

302 

6-4 

2*3 196 

SW 

Var. 

204 

5-7 

21 186 

ssw 

Var. 

Dacca . 

; 

# 




165 

71 

6-2 161 

E—S—W 

117 

70 

4-5 161 

SE 

Var. 

71 

6-8 

3-6 130 

SE 

Var. 

Chittagong 

t 

• 


• 


157 

8-8 

8-2 167 

E—SW 

131 

8-3 

7-4 174 

SE—SW 

86 

7-2 

5-4 165 

E—SW 

Akyab* 






224 

6-8 

5-5 185 

SE—W 

176 

6-9 

5-1 198 

SE—W 

112 

6-6 

4-3 194 

SE- 

-W 

Mandalay 


• 

■ „ 

, 


181 

10-5 

10-4 181 

S 

178 

10*3 

100 187 

s 

SW 

134 

6-2 

4-9 211 

SW 

Var. 

Bangoon 


• 


• 


200 

8-6 

7-5 237 

S—NW 

181 

8-4 

6-4 251 

WSW 

Var. 

131 

7-9 

6-9 254 

S—NW 

Jubbulpore 


• 


• 


.. 

.. 

.. 

• • •• 

157 

8-8 

6-5 280 

w 

Var. 

101 

6*6 

4-3 288 

WNW 

Var. 

Banchi . 










22 

7*7 

3-2 330 

NW 

SE 

15 

6-4 

10 81 

•• 

• • 

Sambalpur 

• 


• 



134 

6-7 

6*1 242 

WSW Vac. 

114 

8-5 

61 271 

w 

Var. 

71 

7-4 

8-5 286 

w 

Var. 

Poona* . 

- . 

• 

• 



.. 

• • 

.. 

• F 

263 

10-4 

10-2 260 

sw- 

-NW 

70 

12-2 

11*8 266 

w 

Var. 

Hyderabad 

' a 

t 


• 


.. 

.. 

.. 

.. 

139 

12-3 

10-3 277 

WNW 

Var. 

98 

9*1 

7-7 285 

WNW 

Var. 

Waitair 

. 

• 


• 


175 

9*1 

8-5 252 

W SW 

155 

8*6 

7*7 267 

SW- 

-NW 

108 

8-6 

7-4 292 

WNW 

Var. 

Mangalore 

* 



• 


198 

8-5 

7*4 285 

W Var. 

146 

9*5 

8*5 292 

W- 

-N 

59 

7*4 

5-9 296 

WNW 

Var. 

Bangalore* 









• • •• 

329 

7-8 

7-5 268 



167 

8-7 

8-2 285 

WNW 

ENE 

Madras . 

. 

• 

. 

. 

. 

279 

10-6 

9-7 268 

S—NW 

276 

10'8 

9-9 285 

S—NW 

262 

90 

8-0 288 

W 

NW 

Port Blair 

. 


. 

. 

. 

260 

11-0 

10-6 237 

SE—W 

216 

111 

10-4 240 

SE—W 

123 

7*9 

6*1 238 

SE—W 

Trivandrum 


• 

• 

• 

• 

152 

7*1 

6*4 313 

W—N 

145 

9-2 

8*6 811 

w- 

-N 

81 

111 

10*2 315 

W- 

-NE 


* Eor stations marked with an asterisk the available data up to the end of 1981 only have bsen used ; 
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8 km. above Sea Level over India—August. 


3*0 km. 

4*0 km. 



0*0 km. 


8*0 km. 

n 

V 

v D 

D' 

D* 

n 

V 

V 

D 

D' 

D" 

n 

V 

V 

D 

D', 

D' 

n 

V 

V 

D 

W 

D" 

44 

4*7 

2*2 314 

W- 

-N—E 

41 

0*9 

4*9 

41 

NE 

W 

29 

10*1 

0*3 

54 

NE 

E 

6 

6*6 

3*6 

97 



118 

7*3 

3*7 3 

NW 

Var. 

82 

6 s 9 

2*6 

44 

Var. 

57 

6*8 

2*3 

49 

Var. 

27 

6*2 

2*6 

38 

W—N—E 

199 

5*7 

3*9 21 

NNE 

Var. 

168 

6*8 

4*8 

44 

Var. 

90 

7*5 

3*8 

52 

Var. 

14 

6*3 

5*4 

75 

NE- 

rSE 

30 

6*3 

4*0 7 

W— 

-N—E 

17 

7*8 

5*4 

8 

W- 

-NE 

2 

4*7 

4*7 

125 


.. 

1 

5*0 

5*0 

2p0 


... 

71 

8*4 

6*6 30 

NNE 

Var. 

47 

10*4 

8*8 

36 

N- 

-E 

i 20 

9/5 

7*8 

61 

NW- 

-E 

3 

3*5 

3*4 

4 

9 • 


332 

6*1 

5*2 300 

SW 

N 

272 

6*6 

4*2 300 

WNW 

Var. 

; 15£ 

0*4 

1*1 

244 

S 

Var. 

92 

7*4 

3*2 

265 

w~sw 

Var. 

223 

4-9 

3*0 303 

NW 

Var. 

207 

0*1 

5*2 313 

W- 

-N 

172 

7*6 

4*5 

292 

SW—NW—NE 

84 

12-0 

9*0 

208 S\Y—NW—NE 

324 

4*5 

2*3 331 

NNW 

Var. 

277 

6*7 

8*7 337 

W— 

-NE 

i 199 

0*0 

3*1 

258 

WSW 

Var. 

129 

8*5 

6*4 

258 

w 

SW . 

233 

4*2 

1*5 357 

NW 

Var. 

187 

8*7 

0*2 

351 

SE 

NW 

119 

60 

3*4 

224 

SW 

Var. 

- 87 

8*8 

7*0 

239 

WSW 

Var. , 

33 

5*2 

2*1 87 

SE 

Var. 

20 

5*1 

1*9 

37 

NW- 

-NE 

4 

4*8 

20 123 

•* 


* 

* * 

• * 

V 

V 

<• I 

30 

5*2 

1*2 223 

W 

Var. 

21 

5*3 

1*5 

51 

NE- 

-S 

12 

4*5 

3*1 

72 

NE 

E 

3 

5*3 

4*9 

0* 


• • 

85 

5*4 

2*5 09 

E 

Var. 

60 

5*1 

2*3 

47 

Var. 

88 

7*1 

3*8 

48 

BNE 

Var. 

15 

6*8 

5*4 

86 

NE- 

-S 

323 

5-9 

1*9 53 

E 

Var. 

260 

5*4 

1*5 

31 

E/SE 

WNW 

180 

5*5 

2*0 

89 

E 

Var. 

120 

6*0 

3*4 

93 

NE—SE 

50 

5*2 

0*5 348 

Var. 

27 

3*7 

0*1 270 


.. 

13 

6*1 

1*0 

42 


• | 

3 

4*5 

4*5 

105 


... 

110 

6-8 

2*4 110 

E 

Var. 

87 

0*5 

3;3 107 

E/SE 

WNW 

50 

6*2 

3*3 

120 

E—SW 

22 

6*8 

4*7 

98 

NE—SB 

9 

8*5 

7*0 100 

NE—S 

8 

7*4 

6*5 

99 



3 

3*3 

2*0 

107 


• r 







47 

5-7 

1*4 168 

E 

WSW 

35 

5*1 

1*8 

169 

SW/W 

E 

14 

3*8 

1-8 

131 



4 

3*8 

1*6 

153 


.. 

148 

5-7 

2*0 152 

SE 

Var. 

105 

5*5 

2*6 144 

SE 

Var. 

54 

5*0 

4*2 

120 

NE- 

-S 

16 

7*1 

4*0 113 

E 

SE 

38 

6*1 

2*2 128 

E 

Var. 

25 

7*1 

4*1 

112 

SE 

Var. 

6 

6*3 

5*6 

124 

.. 


2 

6*7 

0*7 

115 

.. 


54 

5*9 

3*6 162 

SE 

Var. 

33 

5*6 

4*3 

136 

SE 

E 

13 

6*2 

4*6 

123 



1 

9*0 

9*0 

80 

•• 


81 

5*7 

3*0 172 

SE—W 

57 

6*0 

4*2 

141 

SE 

Var. 

2‘8 

6*5 

5*4 

116 

E- 

-s 

11 

8*1 

7*3 

98 

NE- 

■SE 

84 

4*9 

2*5 236 

Var. 

51 

3*9 

1*3 

178 

ESE 

SW 

31 

5*1 

2*9 

93 

E 

SW 

4 

3*8 

3*5 

59 

.. 

.. 

81 

6-8 

5*0 255 

WSW 

Var. 

50 

6*3 

2*8 

247 

W 

SW 

19 

4*7 

1*5 

129 



2 

8*7 

8*5 

93 

.. 

.. 

62 

5*7 

2*7 274 

W 

NE 

40 

50 

1*4 

252 

WSW 

Var. 

24 

5*2 

1*1 

113 

W 

E 

5 

8*0 

7*2 

93 

.. 

.. 

5 

5*6 

3*0 281 



4 

5*0 

3*0 208 


•• 













43 

5*8 

2*5 278 

W 

Var. 

25 

4*9 

2*0 252 



10 

5*2 

4*5 

106 



4 

8*5 

8*1 

98 



10 

6*3 

5*0 270 

NW 

Var. 

11 

3*7 

1*3 358 

N 

NE 

5 

5*2 

6*0 

42 

.. 

.. 

3 

90 

8*9 

88 

.. 


68 

6*1 

4*0 280 

WNW 

Var. 

48 

5*8 

2*9 278 

S—NW 

31 

6*0 

1*8 

97 

W 

NW 

15 

0*9 

51 

94 

ENE 


61 

7*9 

0*5 288 

WNW 

Var. 

41 

0*5 

3*9 290 

WNW 

SSE 

14 

5*7 

i*7 

89 

.. 

.. 

2 

6*5 

6*5 

99 

.. 


30 

5*6 

2*3 310 

NW 

Var. 

17 

4*0 

1*1 

80 


* * 

8 

5*0 

4*1 

117 

• • 

•• 

2 

6*5 

4*7 

137 

•• 

• • 

lt)l 

6*6 

5*5 290 

W 

Var. 

* 

5*3 

3*7 281 

W 

NW 

27 

4*6 

0*0 352 

sw- 

-N 

12 

5*7 

4*3 

85 



213 

8*3 

6*7 280 

w 

NW 

149 

7*5 

4*7 272 

w 

NW 

64 

5*7 

1*5 

126 

sw 

Var. 

19 

7*0 

3*0 

87 

E 

Var. 

67 

6*8 

41 239 

Var. 

43 

5*4 

1*6 199 

E — S—W 

19 

5*0 

2*1 

140 

S 

Var. 

6 

7*1 

7*0 

90 

.. 


51 

10*8 

8*0 323 

W- 

-N—E 

14 

10*1 

8 0 336 



3 

8*5 

8*5 

09 



3 

5*2 

4*8 

84 

• • 



lor the remaining stations, data up to the end of 1934 have been used. 
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RAMANATHAN AND RAMaKRISHNAN, 


APPENDIX A.—Normal Upper Winds up to 


Station. 

0-5 km. 

1-0 km. 



2*0 km 

i. % 

n 

V 

V D 

D' 

D' 

n 

V 

v D 

D' 

D' 

n 

V 

v D 

D' D' 

Aden . 






65 

3-3 

1-2 113 

N—E—S 

52 

3-8 

1-2 144 

ESE 

Var. 

50 

3-6 

1*7 195 

SE—W 

Bahrein 






205 

6-2 

4-3 345 

N 

Var. 

196 

6-9 

5-4 353 

N 

Var. 

178 

7*2 

6*1 354 

N Var. 

Muscat . 






200 

3-4 

2 0 290 

W 

Var. 

211 

4-5 

3-2 327 

NNW 

Var. 

208 

5*8 

4*4 14 

NW—E 

Gwador 






165 

3-5 

1-4 253 

WSW 

Var. 

104 

4-3 

1-9 345 

Var. 

78 

6-3 

2*5 22 

NW—E 

Karachi* 




• 


294 

8-6 

7-4 276 

w— 

■NE 

214 

6-9 

4-9 284 

SW—NW—NE 

166 

5-5 

2*8 17 

Var. 

Quetta* 
















328 

2-5 

0-7 267 

S Var. 

Peshawar* 


. 

o 

• 


253 

2-8 

1-6 336 

NW- 

-NE 

253 

2-7 

1-7 350 

W- 

-NB 

250 

3*4 

1-7 288 

NW Var. 

Lahore* 


• 

• 

• 


394 

4*9 

1-7 237 

w 

Var. 

393 

40 

1-8 273 

WNW 

Var. 

289 

3*8 

1*9 817 

NW Var. 

Simla* . 


- 

• 

• 


.. 

.. 

.. 

.. 











Delhi . 



• 



58 

6-8 

2-7 283 

WNW 

Var. 

66 

6*3 

2-7 310 

NW 

Var. 

50 

6*8 

5-1 331 

NNW Var. 

Ahmedabad 



• 



204 

7-5 

6-9 292 

sw- 

-N 

195 

5-7 

3*2 285 

W 

Var. 

154 

5*3 

1*7 86 

E Var. 

Ajmer • 



• 



.. 

.. 

.. .. 

.. 

• • 

198 

70 

4-9 287 

WNW 

Var. 

185 

4*8 

2*6 25 

NNE Var. 

Agra* . 



• 



515 

6-6 

2-8 300 

NW 

Var. 

500 

6-2 

31 325 

NW 

Var. 

485 

5*9 

3-5 347 

NNW Var. 

Allahabad 

• 


• 



141 

6*8 

0*5 120 

Yar. 

126 

6-6 

0-2 9 

Var. 

112 

7*2 

1*6 31 

Var. 

Patna . 

• 


§ 

• 


198 

6-6 

1-6 130 

ESE 

Var. 

190 

5-4 

10 138 

ESE 

Var. 

176 

5*5 

0*6 88 

Var. 

Rangpur 


• 

• 

• 


22 

3-3 

1-2 180 

SE 

Var. 

21 

30 

0*8 73 

E 

Var. 

19 

2-4 

0*5 85 

SE Var. 

Tezpnr . 

• 



• 


126 

41 

0-7 151 

E 

WSW 

111 

50 

0-7 220 

ENE 

WSW 

80 

4-5 

1*3 192 

E WSW 

Calcutta* 




• 


329 

5-9 

81 183 

SW 

Var. 

306 

5-8 

2-6 175 

S 

Var, 

254 

5*1 

1*7 153 

S Var. 

Dacca . 

. 





181 

61 

3-4 175 

s 

Var. 

142 

4-8 

2-9 164 

S . 

Var. 

114 

4-9 

2*6 139 

S Var. 

Chittagong 

• 





156 

60 

4-4 157 

s 

Var. 

146 

5-8 

4-2 164 

S 

Var. 

131 

5-7 

3-9 155 

SSE Var. 

Akyab* 






310 

4-6 

2-2 164 

SE 

Var. 

285 

6-3 

2-3 188 

s 

Var. 

240 

5*3 

2*6 195 

SSE Var. 

Mandalay 



• 



173 

6-9 

61 181 

S 


166 

6-9 

6-8 182 

s 

Var. 

139 

5*2 

8*2 171 

S Var. 

Rangoon 



. 


. 

203 

61 

3-8 237 WSW 

Var. 

177 

6-9 

3-6 242 

sw 

Var. 

136 

5-3 

2*5 230 

SW Var. 

Jubbulpore 

• 




. 

.. 

.. 

.. 

.. 

.. 

183 

6-8 

1-9 297 

NW 

Var. 

159 

6*3 

3*6 22 

N Var. 

Ranchi 











30 

4-8 

1-8 348 

NW 

Var. 

8 

4-7 

3*0 23 

NW—E 

Sambalpur 






135 i 

6-2 

1*1 222 

Yar 


127 

6-4 

1-4 259 

Var. 

101 

6-9 

1*2 18 

Var. 

Poona* . 











299 

6-9 

3-9 277 WNW 

Var. 

222 

6*6 

0*6 269 

Var. 

Hyderabad 











165 

9-4 

6-9 295 NW/W 

Var. 

132 

7-5 

4*6 298 WNW Var. 

Waltair 






179 

60 

4-2 251 WSW 

NE 

175 

60 

8*6 268 

W 

Var. 

132 

6*1 

3*1 302 

Var. 

Mangalore 






199 

61 

4-6 290 

S—w- 

-N 

176 ; 

»7*7 

6-5 292 

s—w 

—N 

107 

7*1 

4*5 290 WNW Var. 

Bangalore* 

• 

« 

# 

. 







349 

6-5 

4-6 276 



254 

6*3 

4*9 292 WNW Var. 

Madras 

• 

• 

• 

• 

• 

269 

90 

7-5 269 

S—NW 

269 

8-1 

6-6 285 WNW 

Var. 

262 

6*4 

4*7 290 WNW Var. 

Port Blair 

• 

• 

• 

t 

• 

241 

8-7 

7-8 243 WSW 

Var. 

200 

8-3 

7*0 246 WSW 

Var. 

135 

5*8 

3-9 242 WSW Var. 

Trivandrum 

* 


• 

• 

• 

163 

6-8 

61 315 

W—N 

158 

8-7 

7-9 313 

w— 

N 

115 100 

8*8 318 

W—NE 


♦ For stations marked with an asterisk, the available data up to the end of 1931 only have been used ; 
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8 km. above Sea Level over India—September. 


3*0 km. 

4-0 km. 

6-0 km. 

8*0 km. • 

n 

* 

v 

v D 

D' D" 

n 

V 

v D 

D' D* 

n 

V 

v D 

D' D* 

n 

V 

v D 

D' D" 

48 

51 

2-6 58 

E Var. 

43 

9-2 

8*2 89 

NE E 

27 

11*5 

10*3 43 

N—E 

6 

7*3 

6*5 73 


139 

6-7 

3-6 11 

N Var. 

104 

71 

2*4 32 

NW—NE—SE 

73 

6-5 

3*0 56 

NW—NE—SE 

28 

6*1 

0*9 10 

NW—E 

200 

7-1 

5*6 46 

NW— E 

176 

8-3 

6*6 54 

NW—E 

92 

6*3 

3-9 46 

NW—E 

21 

6*6 

25 315 

WNW ENE 

65 

6-3 

4-8 29 

NW-E 

47 

7-8 

6*7 37 

NW—NE 

17 

7-5 

4*5 328 

NW—E 

2 

8*7 

5*7 294 

.. 

148 

7-5 

5-7 41 

w— n — e 

123 

8*9 

7*4 46 

NW—E 

82 

7*4 

2*3 12 

NE Var. 

29 

9*4 

3*4 272 

SW Var. 

328 

5-1 

3*0 313 

NW Var. 

306 

6-2 

3-4 290 

SW—N 

213 

7*2 

2*3 297 

W Var. 

122 

12*4 

10*1 285 

S—W—N 

249 

50 

4*0 294 

SW—N 

242 

5-7 

4*7 301 

NW W 

217 

7*4 

5*6 289 

SW—N 

123 

14*9 

13*1 278 

SW—N 

380 

50 

3*5 323 

NNW Var. 

365 

6*1 

4*6 324 

W—N 

313 

8*5 

6*2 268 

SW—N 

207 

15*2 

13*7 255 

SW—NW 

322 

41 

1*3 323 

NW Var. 

285 

41 

0*2 280 

SE NW 

239 

7-5 

5*1 244 

S—NW 

187 

15*2 

13*7 255 

SW—N 

85 

5-0 

2*9 353 

NNW Var. 

28 

4*8 

0*7 255 

SSW NNW 

11 

6*3 

5*0 250 

S—W 

2 

8*7 

8*7 249 

.. 

135 

6-2 

3*6 75 

E Var. 

111 

5*6 

3*3 66 

x m 

NW—E 

72 

5-6 

2*7 65 

NE E 

25 

60 

1*4 54 

W • ENE 

164 

5-7 

3*4 35 

NE Var. 

137 

5*8 

2*3 35 

NNE Var. 

95 

6-9 

1*3 297 

Var. 

43 

7*9 

3-0 301 

Var. 

436 

5*8 

3*3 344 

NNW Var. 

396 

5-4 

2*2 311 

SW—N 

330 

6-5 

3*3 260 

WSW Var. 

260 

8*8 

5*4 254 

WSW Var. 

76 

7-2 

0-8 106 

Var. 

43 

7-2 

0*2 6 

SW ENE 

23 

6-7 

2*2 112 

E SW 

13 

10-9 

3*8 105 

.. 

155 

50 

0*4 190 

Var. 

125 

4-6 

1*4 210 

W Var. 

91 

50 

2-3 227 

SW W 

38 

6*0 

1*9 211 

SW Var. 

16 

3-8 

1*4 139 

E WSW 

14 

3*7 

1*6 200 

SW W 

12 

6*3 

4*4 238 

WSW E 





56 

4-8 

1*5 189 

SW Var. 

41 

4-6 

2*1 221 

W SW 

19 

4*4 

0*2 73 

.. 

4 

4*6 

3-6 160 

.. .. 

200 

4-9 

20 158 

S Var. 

158 

5*2 

2*1 168 

E—S—W 

87 

5*5 

2-4 133 

E—S—W 

41 

5*7 

2*5 125 

ESE . Var. 

81 

4-8 

2-6 146 

S Var. 

52 

5*1 

2*8 135 

E—S—W 

22 

4-9 

1*5 110 

.. 

2 

5*5 

5*0 36 

.. 

97 

6*3 

3*7 151 

SE Var. 

70 

5*1 

3*4 148 

E—S—W 

38 

4*6 

2*4 123 

E—SW 

7 

3-6 

0*7 159 

.. 

180 

4-9 

3-0 141 

E—SW 

137 

4*6 

3*0 123 

E—S 

86 

5*4 

3*6 105 

NE—S 

45 

6-7 

4*7 96 

E—S 

95 

4*9 

2*4 167 

Var. 

71 

4*4 

1-9 167 

SE Var. 

32 

41 

1*7 109 

Var. 

8 

49 

2*4 86 

.. 

82 

5-0 

0*9 105 

SE Var. 

43 

4-6 

1*8 80 

N—E—S 

13 

5*9 

4*7 80 

.. 

1 

70 

7 0 95 

.. 

131 

6*4 

3*1 39 

Var. 

95 

6*2 

1*4 80 

W—N—E 

59 

5*9 

2*3 138 

WSW E 

22 

60 

1*2 110 

E W 

26 

3-4 

0*2 357 

N Var. 

23 

4*4 

1*8 21 SW/W E 

16 

6*5 

3*5 37 

SE—W 

7 

7*9 

3*8 207 

WSW SE 

70 

6*4 

0*9 29 

Var. 

* 

46 

6*4 

1*3 107 

E Var. 

17 

6-0 

4*8 87 


7 

71 

6*7 100 


156 

4-6 

0*7 102 

Var. 

112 

4*2 

0*7 112 

E Var. 

68 

4*4 

1*8 76 

NE Var. 

41 

5-9 

4-3 95 

NE—SE 

104 

6-1 

2-8 322 

NW Var. 

78 

61 

1*6 333 

N Var. 

39 

5*5 

2*7 96 

E SE 

19 

6-5 

5*0 94 

ESE NW 

87 

5*0 

1*1 348 

NW Var. 

58 

4*6 

1*7 51 

E Var. 

28 

5*5 

4*0 90 

N—E—S 

10 

7-6 

6*7 94 

• • t • 

55 

6-2 

0*5 303 

Var. 

36 

8*9 

8*8 283 

ESE W 

9 

3-5 

0*9 93 

•• 

1 

3*5 

3*5 50 

• • • • 

172 

5-4 

1*6 298 

NW Var. 

116 

5*2 

1*6 278 

Var. 

61 

5-2 

1*1 111 

Var. 

26 

6-2 

4-8 94 

E 

226 

6-4 

4*1 284 

W Var. 

182 

6-2 

2*8 279 

W Var. 

115 

5*7 

1*1 99 

E Var. 

39 

7’0 

5-0 92 

NE—S 

94 

5*3 

2*0 224 

W Var. 

74 

6*2 

1-2 170 

W ESE 

43 

5*4 

2*9 93 

NE—S 

15 

7-8 

7-2 88 

NE—SE 

76 

9-7 

6*8 330 

W—N — E 

37 

8*6 

51 353 

W—N— E 

11 

5*6 

3*0 10 

.. 

5 

7*8 

4*5 92 

.. 


for the remaining stations, data up to the end of 1934 have been used. 
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APPENDIX A.—Normal Upper Winds up to 



• 

Station. 




0*5 km. 

1*0 km. 

42-0 km. 

n 

V 

v D 

D' D" 

n 

V 

V 

D 

D' 

D* 

n 

V 

V 

D 

D' D" 


Aden 





70 

5-4 

4-2 80 

NE E 

65 

60 

4*5 

75 

E 

NE 

59 

6-3 

5*0 

71 

N—E 


Bahrein 



• 

. 

214 

6*3 

4*8 349 

N Var. 

212 

8*4 

51 

350 

N 

Var. 

189 

7-6 

4*7 

346 

N Var. 


Muscat . 



• 


245 

3-6 

2-5 287 

4 

WNW Var. 

247 

4-2 

21 311 

WNW 

Var. 

246 

4-5 

2*5 

34 

NE Var. 


Gwador 



• 

. 

210 

4-5 

1-6 346 

Var. 

175 

5*0 

2-7 

10 

NNE 

Var. 

157 

4*6 

2*5 

6 

NNE Var. 


Karachi* 




• 

310 

6*7 

4-3 302 

WNW Var. 

301 

5*0 

31 

295 

W 

Var. 

285 

50 

2*0 342 

Var. 

. 

Quetta* 















336 

2-6 

1*1 

286 

NW S 


Peshawar* 





267 

2-3 

11 317 

.. 

272 

80 

2-2 345 

W—NE 

269 

3-7 

2*2 314 

NNW Var. 


Lahore* 





402 

46 

0*7 315 

W Var. 

401 

3*9 

16 308 

NW 

Var. 

402 

4*5 

2*7 306 

NW Var. 


Simla* . 







.. 

.. 













Delhi . 





62 

5*1 

0-7 140 

SE Var, 

62 

4*8 

0*3 

80 

Var. 

58 

6-3 

2*5 321 

NW E 


Ahmedabad . 





211 

5-5 

CO 

Var. 

210 

4-4 

1-8 

58 

Var. 

202 

4-9 

20 

64 

ENE Var. 

; 

Ajmer . 



• 


.. 

.. 

.. 

.. 

214 

56 

2-0 

278 

W 

Var. 

207 

4-8 

2*0 

311 

NW Var. 

[?■ , ' 

Agra* . 



• 


544 

5*5 

1-7 300 

Var. 

545 

5-2 

2-5 

317 

NW 

Var. 

589 

6-8 

4*6 321 

NW Var. 


Allahabad 



• 


146 

4-7 

1-2 305 

WNW Var. 

143 

4-8 

2*3 

321 

NW 

Var. 

138 

6*7 

4*6 

316 

NW Var. 


Patna . 


• 



204 

4-5 

3-4 281 

Var. 

199 

4-9 

1*4 

310 

WNW 

Var. 

190 

6*4 

2*8 306 WNW Var. 


Bangpur 


• 



22 

2-6 

1*2 76 

N SE 

19 

2-2 

0*3 

237 

SE 

Var. 

18 

30 

1*8 

294 

NW Var. 


Tezpur . 

• 




130 

4-5 

2*3 91 

E Var. 

120 

4*1 

1*3 

109 

E 

Var. 

96 

4*3 

1*8 

231 

WSW E 


Calcutta* 

• 




337 

4-8 

0*5 14 

N Var. 

331 

4-7 

10 

13 

N 

Var. 

311 

5*1 

1*2 

316 

Var. 

i 

Dacca . 

. 




203 

4*0 

0-4 238 

Var. 

195 

3*9 

0*8 

240 

Var. 

171 

i 4*7 

2*0 249 

Var. 


Chittagong 

• 




169 

4-2 

1*3 65 

NNE SSE 

166 

3-8 

0*5 

130 

N 

Var. 

157 

4-3 

1*7 

200 

SSW Var. 


Akyab* 





343 

3-9 

11 98 

SE Var. 

333 

3-9 

1*3 

147 

SSE 

Var. 

307 

4*3 

1*6 

160 

SE Var. 


Mandalay 





181 

41 

3-4 172 

N—E—S 

178 

41- 

2-6 

175 

S 

Var. 

168 

3-8 

2*0 

180 

Var. 


Rangoon 





211 

5-2 

2-9 100 

ESE Var. 

207 

5-6 

4-0 

111 

ESE 

Var. 

191 

5-9 

4*4 115 

ESE Var. 


Jubbulpore . 









205 

4-8 

21 

36 

Var. 

198 

6-1 

4*0 

10 

N Var. 


Ranchi . 







.. 

.. 

30 

4-8 

1*5 

327 

NW 

Var. 

27 

5-5 

2*7 340 

Var. 


Sambalpur 





148 

41 

1*8 62 

ENE Var. 

146 

4-9 

2-2 

56 

% 

Var. 

138 

4*7 

1*7 

22 

Var. 


Poona* . 






•• 

• • .. 

.. 

326 

5-3 

1*7 

72 

Var. 

298 

5*7 

3*4 

77 

ENE Var. 

1 IjB ''' 

Hyderabad . 






•• 

. 

.. 

128 

6*6 

2*7 

65 

E 

Var. 

158 

6*2 

3*7 

42 

ENE Var. 


Waltair 





208 

5-6 

2-4 51 

NE Var. 

200 

5-7 

31 

56 

ENE 

Var. 

177 

5*4 

2*7 

60 

ENE Var. 


Mangalore 





206 

4-6 

0-2 257 

Var. 

195 

5*1 

0*5 

71 

E 

Var. 

161 

6*5 

2*5 

82 

E Var. 


Bangalore* . 

. 








399 

51 

0*9 

10 



346 

6-9 

2*8 

28 

W—N—E 


Madras . 

• 

• 

• 


273 

5-8 

0*8 311 

Var. 

266 

5-5 

1*4 

15 

NE 

Var. 

244 

5*5 

2*5 

17 

Var. 


Port Blair 

• 


• 


267 

61 

1-6 216 

WSW Var. 

232 

61 

1*4 200 

Var. 

178 

5*0 

1*0 159 

Var. 


Trivandrum . 

• 




153 

5-0 

3-7 307 

NW Var. 

151 

61 

4*3 305 

NW 

Var. 

121 

7*4 

4*7 308 

NW Var. 























|K$ 


♦ For stations marked with an asterisk the available d&te-up to the end of 1931 only have been used ; 
















































CIRCULATION OF ATMOSPHERE OVER INDIA. 

8 km. above Sea Level over India—October. 
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3*0 km. 

4 0 km. 

6*0 ktth 

n 

V 

V D 

D' 

D n 

fi 

V 

V D 

D' 

D' 

A 

V 

V D 

D' 

D* 

57 

9-4 

8*8 47 

N—E 

44 

9*9 

9-0 48 

N—E 

27 

8-7 

0-2 63 

N- 

-SE 

150 

8*3 

4*9 340 

N 

Var. 

125 

8*3 

4*8 342 WNW 

Var. 

79 

8-9 

6-1 287 WNW 

Var. 

241 

6*3 

443 55 

NE 

Var. 

229 

6*8 

4*2 47 

NW—E 

100 

8*5 

4*1 20£ 

NW 

Vaf. 

125 

6*5 

4*3 10 

N 

Var. 

114 

7*8 

4*8 4 

W— 

NE 

85 

11*1 * 

7*8 206 

NW 

Var. 

270 

6*7 

8*9 23 

NE 

Var. 

241 

7*6 

4*1 12 

NE 

Var. 

182 ; 

10-3 

0*4 292 

W 

Var. 

834 

5*6 

6*2 307 

SW 

—N 

314 

8-3 

6*2 304 

SW- 

-N 

180 

101 

7*1 295 WNW 

Var. 

265 

5*1 

31 297 

NW 

Var. 

258 

5*5 

3*8 302 

W—N 

244 

8-9 

6-9 288 

SW—N ’ 

397 

5*9 

4*0 309 

NW 

Var. 

388 

6*8 

4*8 311 

SW—N 

342 

10-6 

8*7 250 

SW—N 

414 

4*9 

2-1 314 NW/W 

SE 

394 

5*6 

1*7 300 

NW 

SE 

357 

10-2 

8*4 271 

S- 

-NW 

47 

0-1 

2*0 311 

NW 

Var. 

35 

8*5 

2-4 258 

8—W—N 

17 

9-6 

0*9 242 

w 

SW 

186 

5*9 

1*4 40 

Var. 

150 

5*8 

1*5 302 

W 

var. 

111 

8*6 

6*3 278 

w 

Var. 

190 

5-6 

2*3 324 

N 

Var. 

160 

6*7 

3*0 317 

W—] 

N—E 

102 

11*3 

8*6 279 

w 

Var. 

524 

7*4 

5*4 311 

NW 

Var. 

508 

7*3 

6 0 305 

SW 

—N 

462 

11*8 

10*0 277 

SW—N 

119 

6-8 

4*6 303 

NW 

Var. 

91 

7*1 

5*0 283 

S—NW 

49 

10*7 

9*1 265 

w 

SW 

175 

6*5 

3*8 292 WNW 

Var. 

153 

7*2 

5*0 273 

SW—NW 

117 

11-3 

9*4 207 

w 

Var. 

17 

3*3 

2-6 251 

S—NW 

17 

8*5 

7*8 204 

SW—NW 

16 

12*8 

11*5 201 

SW 

—NW 

74 

4-9 

3*7 248 

W 

SW 

58 

7*0 

6*8 253 

W 

30 

14*7 

14*2 204 


W 

234 

5*9 

2*8 251 

WSW 

Var. 

244 

7*2 

4*3 258 

WSW 

Var. 

164 

90 

6*6 204 

w 

Var. 

147 

6-0 

3*9 249 

WSW 

Var. 

120 

7*1 

5*4 259 

W 

64 

8*7 

7*5 203 

SW 

—NW 

122 

4-6 

2*3 215 

Var. 

93 

51 

2-9 249 

W 

SW 

55 

6-3 

4*1 258 

WSW 

Var, 

207 

4*4 

1*7 308 

Var. 

240 

4*9 

1*8 225 

WSW 

VaT. 

160 

0*1 

1*8 258 

w 

var. 

132 

4*5 

1*8 204 

Var. 

98 

4*7 

2 ? 254 

s—w 

55 

0*5 

4*6 250 

SE—SW—NW 

133 

4*9 

3*7 101 

NE—S 

91 

4-0 

3*2 89 

NE—SE 

45 

4*8 

1*6 m 

NE 

. 180 

5*9 

3 kt 350 

NNW 

Var. 

155- 

5-9 

2*0 281 

w 

var. 

116 

7*3 

5*2 262- 

SW 

—NW 

20 

5-3 

2*3 266 

SE<—SW—NW 

17 

0*3 

4*7 249 

8—NW 

15 

9*5 

7*0 265 

S—NW 

124 

4*6 

1*0 320 

Var. 

104 

4*7 

2*0 266 

SW 

var. 

66 

6*0 

3*6 256 

S—NW 

270 

5*0 

2*0 65 

Var- 

234 

4*4 

1*6 32 

NE 

Var. 

188 

5*3 

0*0 330 

W 

Var. 

148 

5*4 

2*7 39 

NE 

Var. 

135 

5*0 

2*4 77 

Var; 

115 

4-0 

2*4 89 

Var. 

139 

4*7 

1*9 67 

ENB 

Var. 

111 

4*2 

1*0 91 

SE 

Var.. 

78 

4*1 

2*9 101 

ESE 

130 

6*3 

g*0 85 

b 

Var. 

100- 

6*0 

8*0 95 

E 

SE 

43 

5*8 

2*8 91 

NE—SE^ 

273 

5*7 

8*1 24 

W—N—B 

219 

5*3 

1*3 60 

E 

var. 

141 

6-0 

3*8 87 

E 

Var. 

211 

5*6 

1*5 16 


Var. 

170 

5*4 

1*0 88 

E 

var. 

110 5-0 

3*0 93 


E 

141 

4*9 

1.0 116 


Var. 

107 

5-5 

2*5 90 

E 

var. 

38 5*3 

4*1 9# 


88 

7*2 

3*2 309 

Var. 

50 

7*5 

1*4 308 

W 

Var. 

12 6*4 

2*3 235 


•V 


8-0 km. 


n V v 1) D' Dm 

10 9-4 8*3 67 E NB 

32 13-9 12*5 277 SW—NW 

34 11-3 7-7 270 SW—NW 

17 1 14-6 204 % .. .i‘ 

80 15-7 13-8 277 SW—*NW 


85 15-7 13-2 285 SW—ft 

177 15-2 13-8 283 SW—N 

255 18-4 10-5 270 SW—ft 

258 18-5 10-9 269 SW—NW 


22 11-0 8-9 262 SW— NW 

36 16-4 14-8 271 SW— NW 

377 18-4 17-1 270 SW— NW 

8 14-2 13-8 270 

34 17-3 16-4 260 S—NW 


1 15 0 15-0 230 

5 14 0 13-4 276 .. 

60 12-5 10-0 263 S—NW 

7 141 13-9 267 

6 9-6 8-8 260 .. i< 


93 8*4 3-8 268 W 

8 9*5 4*3 275 

11 5*3 2*4 76 

18 12-3 11-6 251 

2 5-3 5*1 248 


W 


Var, 


gW 


21 8-1 6*1 265 SW—N 

131 6-4 2*4 253 W V*T. 

70 5-1 2*3 109 Var. 

20 41 1-7 141 NE—8B- 

7 6-4 3*8 79 .. 


78 6-3 4-9 88 E SB 

35 5*5 3-9 102 N—E—S 

26 7-3 5*8 90 NB* -S 

6 3-4 1*3 162 .. 


<§L 


fox til" -.‘"i.. itiItmj station*!, data up -to the sod of 1934 Ilivvo been uwd. 


o2 
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Station. 

0-5 km. 

1*0 km. 

2*0 km. 

n 

V 

v 

D 

D' 

D* 

n 

V 

V 

D 

D' 

jy 

n 

V 

V 

D 

D' 

D' 

Aden . 






88 

6-2 

5-7 

83 

E 

NE 

82 

7-8 

7-6 

82 


E 

66 

8*1 

7*5 

58 

NE 

E 

Bahrein 






230 

6-5 

2*7 

334 

N 

Var. 

228 

6-3 

2*9 

231 

N 

Var. 

201 

6-3 

2*3 

306 

NW 

Var. 

Muscat . 






232 

3*5 

2*2 

302 

WNW 

Var. 

237 

3-8 

2-0 

338 

NW 

Var. 

229 

5*1 

1*4 

29 

Var. 

Gwador 


* * 




211 

4-6 

2-3 

3 

NE 

Var. 

210 

4-6 

2-1 

22 

Var. 

204 

4-6 

1*3 

25 

Var. 

Karachi* 




V 


300 

6-6 

2-1 

5 

NE 

ssw 

300 

4-5 

0-8 

350 

Var. 

298 

4*7 

1-6 

30 

NE 

Var. 

Quetta* 


















322 

2*8 

11 

301 

NW 

S 

Peshawar* 






261 

1-8 

0-7 

299 

.. 

.. 

264 

2-5 

1-9 

332 

W 

—N 

260 

4-2 

2*9 

321 

NNW 

Var. 

Lahore* 






407 

4-5 

2-1 

328 

NW 

Var. 

408 

41 

2-6 

313 

NW 

Var. 

410 

4*9 

3*4 

309 

NW 

Var. 

Simla* . 






., 

















•• 

Delhi . 






72 

4-6 

3-6 

317 

NW 

Var. 

74 

5-8 

50 

313 

W- 

■N—E 

74 

7*7 

6*5 

317 

NW 

SE 

Ahmedabad 






208 

5-8 

4-5 

84 

E 

Var. 

209 

4-1 

2-9 

77 

E 

Var. 

207 

3-9 

0*7 

46 

Var. 

Ajmer . 












206 

3-8 

0*2 

333 

Var. 

208 

4-6 

2*6 

312 

NW 

Var. 

Agra* . 






541 

4-7 

2-1 

330 

NNW 

Var. 

543 

4-8 

31 

323 

NNW 

Var. 

536 

6-5 

5*2 

318 

NW 

Var. 

Allahabad 






147 

4-3 

2-6 

315 

NW 

Var. 

147 

5-3 

4-2 

319 

W— 

•N—E 

143 

7-7 

5*4 

336 

NW 

Var. 

Patna . 






206 

3-6 

1-7 

306 

NW 

Var. 

208 

4-4 

2-7 

307 

NW 

Var. 

203 

6-9 

4*8 

302 

NW 

Var. 

Eangpur 






28 

4-0 

2-5 

67 

ENE 

Var. 

28 

3-9 

2-4 

60 

ENE 

Var. 

28 

4-9 

4*2 

58 

ENE 

W 

Tezpur 

• 

. 

. 

. 

. 

158 

4-6 

3-8 

86 

E 

152 

4-8 

3-7 

84 

E 

Var. 

139 

4-3 

2*0 

90 

E 

Var. 

Calcutta* 

• 


• 

. 

. 

341 

51 

3-9 

16 

NNE 

Var. 

340 

4-7. 

3-6 

5 

N 

Var. 

312 

5-3 

3-2 

313 

NW 

Var. 

Dacca • 

• 

. 

. 

. 

. 

198 

3-2 

1-5 

2 

N 

Var. 

194 

3-5 

1-7 

333 

N 

Var. 

185 

5*8 

3-6 

276 

NW 

Var. 

Chittagong 

• 

• 

• 

• 

• 

186 

3-5 

1-7 

31 

NNE 

Var. 

186 

3-5 

0-5 

335 

NNW 

S 

170 

5-4 

3-1 

247 

Var 


Akyab* 






329 

3-5 

1*6 

56 

Var. 

327 

3-2 

1*2 

152 

SSE 

Var. 

309 

4*5 

2*3 

200 

Var. 

Mandalay 






182 

2-8J 

1-3 

157 

8SE 

NNE 

176 

2-9 

0*6 

186 

S 

N 

164 

4-6 

3-3 

214 

SSW 

Var. 

Rangoon 






197 

5-4 

3-7 

61 

N- 

-SE 

196 

5-0 

3*6 

100 

ESE 

Var. 

188 

5*1 

3*4 

116 

ESE 

Var. 

Jubbulpore 






.. 

.. 

.. 


.. 

.. 

206 

4-8 

2*6 

27 

NNE 

Var. 

204 

5-7 

41 

344 

NNW 

Var. 

Ranchi . 


• 




•• 

• • 

• • 

• • 

•* 

•• 

30 

3-9 

3*2 

333 

NW 

N . 

30 

5*7 

5*0 

319 

sw- 

-N 

Sambalpur 


• 




144 

4-0 

2*7 

35 

NE 

Var. 

141 

4-7 

3*0 

23 

NNE 

Var. 

138 

5*8 

3*2 

345 

NNW 

Var. 

Poona* 

. 

• 





.. 



.. 

.. 

295 

5-5 

4-0 

108 

E 

SE 

286 

4*9 

2*8 

100 

NE—S 

Hyderabad 

• 





.. 

.. 



.. 

.. 

175 

6-2 

4-6 

62 

N- 

-SE 

152 

5*9 

4*2 

53 

NE 

Var. 

Waltair 

• 





202 

6-7 

5-7 

52 

NE 

Var. 

198 

6-5 

5*6 

63 

NE 

E 

180 

5*5 

3*5 

52 

NE 

Var. 

Mangalore 

• 


• 



207 

4-6 

2-4 

83 

E 

Var. 

208 

4*7 

3*4 

90 

E 

Var. 

195 

6*2 

3*8 

83 

E 

Var. 

Bangalore* 



• 









367 

6-3 

4*0 

65 



330 

5*6 

31 

57 

ENE 

Var. 

Madras 

. 

. 

. 


. 

255 

7*5 

5*7 

35 

NE 

Var. 

237 

7-7 

5*8 

45 

N- 

-E—S 

188 

6-5 

3*3 

60 

ENE 

Var. 

Port Blair 

. 

. 

. 

. 

* I 

251 

6-6 

4*6 

85 

NE—SE—SW 

216 

7*2 

5*0 

96 

E 

Var. 

150 

6*6 

4*1 

100 

E 

Var. 

Trivandrum 

• 

• 

• 

• 

J 

168 

31 

11 

295 

NW 

Var. 

168 

3*8 

1-0 

304 

Var. 

140 

4*8 

1*3 

352 

Var. 


• For stations marked with an asterisk, the available data up to the end of 1931 only have been used 
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3-0 km. 

4-0 km. 

0*0 km. ^ 

8*0 km. 

n 

Y 

v D 

D' 

D' 

n 

V 

v D 

D' D* 

n 

V 

v D 

D' D" 

n 

V 

v D 

D* 

D' 

61 

7*8 

6-8 50 

NE 

E 

57 

6*5 

3*9 49 

N—E 

41 

7*2 

2*7 67 

N—SE 

15 

5*9 

0*5 207 

N 

Var. 

177 

7-0 

3-0 293 

WNW 

Var. 

138 

8-1 

5*6 283 

SW—NW 

81 

12*7 

11*3 269 

SW—NW 

21 

15*2 

13*0 268 

S—W—N 

225 

5-4 

0-7 355 

Var. 

205 

6*6 

4*0 272 

SW Var. 

134 

12*0 

10*0 267 

SW—NW 

25 

18*7 

15*8 258 

SW—NW 

188 

5-6 

1*4 300 

Var. 

166 

7-2 

4*4 278 

W Var. 

114 

13*0 

11*2 270 

SW—N 

21 

18*6 

17*3 262 

S—NW 

294 

6-9 

1-7 317 

Var. 

274 

7*8 

5*0 285 

SW—NW—NE 

209 

14*1 

12*3 277 

S—W—N 

84 

23*2 

21*8 273 

SW- 

-NW 

321 

6-2 

4-6 309 

SW- 

-N 

304 

9*1 

7*1 295 

SW—NW—NE 

173 

13*8 

11*2 279 

SW—N 

70 

21*8 

20*8 287 

sw- 

-NW 

254 

5-1 

3-3 304 

NW 

Var. 

245 

60 

4*0 287 

SW—N 

215 

11*8 

9*5 285 

SW—NW—NE 

141 

17*8 

15*3 283 

w 

Var. 

405 

5-9 

4*0 303 

NW 

Var. 

396 

7-1 

5*2 290 

SW—N 

356 

13*9 

12*2 280 

S—W—N 

257 

22*3 

20-0 278 

SW 

—N 

394 

4-2 

11 317 

NW 

Var. 

381 

5-3 

1*8 275 

NW/W SSE 

323 

13*3 

11*4 273 

S—W—N 

210 

25*0 

22*9 270 

SW- 

-NW 

60 

7-6 

61 311 

W- 

-N 

45 

8-7 

7*9 289 

SW—NW 

14 

18*2 

17*7 276 

SW—NW 





•• 

193 

4*9 

2-1 297 

NW 

Var. 

173 

6-2 

4*0 284 

SW—N 

139 

11*6 

10*1 273 

S—W—N 

33 

17*0 

15*2 265 

SW- 

— N 

204 

60 

4*0 297 

WNW 

Var. 

182 

9*0 

7*0 278 

SW—N 

114 

16*4 

13*9 273 

SW—NW 

21 

26*0 

24*0 274 

w 

SW 

519 

7*2 

5-7 300 

SW—NW—NE 

496 

9-3 

7*8 286 

SW—N 

445 

16*2 

15*3 277 

SW—N 

353 

26*1 

24*5 271 

sw- 

-N 

113 

8-4 

6-3 303 

SW- 

-N 

64 

9-7 

8*2 291 

SW—N 

22 

15*0 

13*7 274 

W NW 

4 

21*9 

21*1 266 

., 

.. 

183 

10-2 

9-5 299 

NW 

W 

168 

12-6 

11*4 293 

W N 

126 

18*5 

17*0 281 

SW—NW 

24 

24*0 

23*0 272 

SW—NW 

28 

8-3 

4-9 284 

W—N—E 

20 

140 

12*0 286 

W—N 

7 

17*0 

16*9 287 







117 

50 

11 237 

Var. 

90 

10-2 

8*2 207 

WSW E 

50 

19*3 

18*5 273 

W NW 

4 

29*1 

23*0 291 

.. 

., 

289 

7-0 

5-5 283 

SW- 

-N 

263 

9-3 

8*4 279 

SW—NW 

201 

14*0 

12*9 274 

SW—NW 

54 

16*2 

15*2 276 

sw- 

-NW 

149 

90 

8 0 280 

sw— 

NW 

114 

11-6 

10*7 277, 

SW—NW 

57 

16*1 

14*9 273 

SW—NW 

3 

23*5 

23*5 250 

•. 

• • 

137 

7-4 

6-3 270 

S—NW 

107 

9*4 

9*2 271 

SW—NW 

49 

11*3 

10*1 273 

S—W—N 

7 

13*4 

13*0 270 

•• 

• • 

278 

5-4 

3-2 249 

wsw 

Var. 

255 

6*5 

4*7 268 

W Var. 

196 

8*9 

7*9 273 

W Var. 

117 

12*8 

11*5 271 

sw- 

-N 

134 

7-3 

5-3 256 

s—w- 

-N 

109 

9*2 

8*3 275 

SW—NW 

55 

11*2 

10*4 273 

SW—NW 

4 

12*8 

11*2 288 

.. 

.. 

159 

4-9 

20 94 

Var. 

110 

4*0 

2*0 30 

Var. 

65 

5-2 

0*2 172 

Var. 

12 

8*8 

4*9 258 

SW— 

NW 

193 

60 

41 318 

NW 

Var. 

171 

7*8 

0*1 293 

SW—N 

127 

12*1 

10*5 278 

S—NW 

17 

14*6 

13*3 261 

SW— 

NW 

30 

91 

8-4 305 

NW 

W 

30 

11*8 

10*9 293 

W NW 

15 

15*4 

14*6 276 

W NW 






128 

5-9 

3-2 310 

NW 

Var. 

107 

7*0 

4-4 293 

SW—NW 

76 

9*5 

7-2 282 

SW—N 

14 

16*5 

15*6 279 

w 

NW 

272 

4*8 

1-2 44 

NE 

Var. 

260 

5*4 

1*4 351 

Var. 

236 

7-1 

3*0 290 

Var. 

167 

9*9 

6*9 269 

w 

Var. 

142 

51 

3-4 59 

NE 

Var. 

136 

5*4 

2*7 54 

NW—NE—SE 

116 

5*7 

20 52 

Var. 

77 

6*4 

1-0 242 

SW 

Var. 

150 

4-6 

2-1 34 

Var 


124 

4*4 

1*3 25 

Var. 

79 

51 

0*7 322 

NW Var. 

25 

8-8 

5*8 271 

w 

ESE 

176 

5*8 

4-1 86 

E 

Var. 

145 

6*5 

4*6 84 

ENE W 

60 

7*3 

5*9 70 

N—SE 

31 

7*3 

5-2 91 

E 

Var. 

271 

6-5 

3’2 71 

ENE 

Var. 

228 

5*7 

3*3 84 

E NE 

169 

7*3 

5-3 77 

E Var. 

101 

7-1 

3-0 89 

SW 

Var. 

156 

5-5 

3-3 73 

ENE 

Var. 

132 

5*0 

3*8 75 

E Var. 

81 

71 

4-9 75 

E Var. 

31 

6*3 

3-1 66 

NE 

E 

99 

5-4 

3*3 95 

E 

Var. 

77 

60 

4*5 87 

NE—SE—SW 

51 

7-3 

0*0 83 

N—E 

21 

7-0 

4-3 82 

NE—SE 

106 

5-1 

1*3 37 

ENE 

Var. 

66 

7-7 

2-4 74 

SE Var. 

24 

6-2 

2-8 95 

ENE S 

11 

6*3 

4-0 81 

•• 

• 


lor the remaining stations, data up to the end of 1931 have been used, 
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RAMANATHAN AND RAMAKRISHNAN, 


APPENDIX A.—Normal Upper Winds up to 


Station. 




Q*5 km. 

1-0 km. 

2*0 km. 

n 

V 

V 

D 

D' D' 

n 

V 

V 

D 

D' 

T>" 

n 

V 

V 

D 

D' D* 

Aden • 


• 




90 

6-3 

6-0 

89 

E 

76 

7-2 

0-9 

85 


E 

55 

7*2 

6-0 

04 

NE E 

Bahrein 


• 




233 

8*5 

4*5 

327 

N/NW Var. 

227 

7-3 

3*7 

314 

NNW 

Var. 

193 

7*7 

5*4 

284 

WNW Var. 

Muscat . 


• 




231 

4-0 

3-8 

293 

WNW Var. 

229 

4-4 

2*3 

300 

NW 

Var. 

210 

5*6 

3*1 

308 

NW Var. 

Gwador 


e 




236 

4-6 

1-5 

9 

Var. 

237 

4-8 

M 

340 


Var. 

225 

6*7 

3*1 

294 

W Var. 

Karachi 41 



• 



310 

6-6 

4-2| 

38 

W—If—B 

308 

5*0 

2*0 

17 

Var. 

304 

5*5 

1*8 

308 

Var. 

Quetta 4 ' 

















314 

81 

0*9 

238 

S NW 

Peshawar* 

• 

* 

• 


i 

288 

2-1 

0-2 

134 

. • •» 

287 

2-6 

2*1 

320 

SW—N 

287 

4*4 

2*6 

341 

N Var. 

Lahore* 

• 

• 

• 



418 

4-6 

2-3 

334 

NW Var. 

418 

4-3 

20 

311 

NW 

Var. 

398 

4*5 

1*9 

285 

NW Var. 

Simla* 

% 

• 

• 

• 


.. 

... 

• • 

.. 

.. .. 






... 





*. • ^ 

Delhi . 

# 



• 


90 

6-2 

4-a 

324 

NW Var. 

90 

0-6 

5*0 

31Q 

NW 

Var. 

86 

7*2 

0*0 

302 

S—W—N 

Ahmedabad 

• 



• 


212 

6-9 

3-5 

74 

E Var. 

213 

4-4 

0*7 

50 

Var. 

211 

5-8 

2*7 

261 

Var. 

Ajmer • 

• 

• 

• 




• • 

.. 

.. 

.. 

208 

4-5 

0*2 

138 

SE 

Var. 

208 

5*4 

3-3 

278 

SW—NW—NE 

Agra* . 

• 

t 

• 



638 

5-3 

2*6 

340 

NW Var. 

540 

51 

8*0 

813 

NW 

Var. 

533 

6*7 

5*1 

293 

S—W—N 

Allahabad 


• 

• 



166 

41 

1-7 

315 

NW Var. 

155 

51 

3*7 

309 

NW 

Var. 

148 

8-4 

7*3 

306 

SW—N 

Patna • 

• 

♦ 

• 

• 


213 

4-0 

20 . 

302 

WNW ESE 

213 

4*3 

2*4 

296 

WNW 

ESE 

211 

8*0 

6*1 

294 

NW Var. 

Bangpur 

• 

f 

• 

• 


30 

4-9 

1*7 

22 

NE Var. 

30 

4-7 

1*3 

28 

NE 

Var. 

27 

5*2 

1*9 

307 

t 

i 

B 

Tezpur . 

• 

• 

* 

* 


171 

4-4 

3*8 

85 

E 

170- 

5*0 

4*0 

82 

E 

NE' 

158 

4*9 

2*9 

84 

E/NE WSW 

Calcutta* 

• 

• 




363 

51 

4*2 

6 

N Var. 

362 

5*3 

4*3 

340 

NW—NE 

332 

6*6 

5*0 

310 

SW—NW—NE 

Dacca • 

* 

• 


• 


215 

3-2 

2-1 

353 

N Var. 

215 

3-6 

1*9 

825 

NNW 

Var. 

210 

0*7 

5*1 

280 

WNW Var. 

Chittagong 




• 


209. 

3*5 

2 -6. 

20 

N—SE 

209 

3-5 

0*7 

311 

NNW 

S 

200 

5-8 

3*0 

271 

W Var. 

Akyab*- 

• 





358- 

3-6 

2-0 

39 

N—SE 

350 

3-5 

0-3 

221 

SSE 

NNW 

340 

4*9 

2*2 

259 

Var. 

Mandalay 

t 



• 


207 

2*3 

Q»7 

129 

NNE SSE 

206 

2*4 

0*4 

158 

Var. 

203 

4*7 

4-4 

217 

SSW Var. 

Rangoon 

• 





177 

51 

3-6 

38 

N—E 

177 

3*9 

2-2 

108 

ESE 

Var, 

173 

4*7 

1*7 

152 

Var. 

Jubbulpore- 




- 







213 

4-0 

1*8 

25 

Var. 

208 

0*8 

4*8 

305 

NW Var. 

Ranchi . 

• 



• 


• • 

•• 

•• 

*• 

•• 

20 

4-6 

3*3 

313 

NNW 

Var, 

25 

9*9 

8*2 

307 

W—N 

Sambalpur 

• 





154 

M 

1*8 

45 

NB Var. 

155 

3*0 

2*0 

359 

N 

Var. 

151 

6*5 

5*0 

327 

SW—N 

Poona/* 






•• 

•• 

• • 

•• 

.. 

805 

5*1* 

40 

113 

SE 

E 

302 

4*8 

2*5 

142 

NE—SE—SW i 

Hyderabad 






•• 

*• 

.. 

.. 

.. 

181 

6*6 

4*5 

99 

NE—S 

174 

5*4 

3*4 

53 

NE Var. 

Waltair 






246 

50 

4-0 

61 

NE B 

211 

6-5 

4*9 

68 

N- 

-E 

198 

5*3 

3*5 

43 

NW—NE—SE ! 

Mangalore 






213 

0-0 

4*4 

80 

N—E—S 

213 

5*2 

4*1 

02 

N— 

E—S 

206 

6*0 

4*4 

89 

NE—SE 

Bangalore* 



. 

. 





.. 


425 

5-6 , 

.5*2 

80 



309 

6*0 

5*0 

77 

N—SE 

Madras . 

* 

• 

• 

• 

* 

271- 

7-5 

7-0- 

44 

N—E 

257 

7*5 

6*9 

54 

N- 

-E 

208 

5*7 

5*1 

70 

ENE Var 

Port Blair 

• 

• 

• 

• 

• 

257 

7*4 

0*7 

60 

N—SE 

226 

7*4 

6*7' 

77 

NE^—SE 

172 

6-6 

5*2 

90 

E Var. ; 

Trivandrum 

• 

* 

• 

• 

i 

196 

2-6 

0 -6- 

40 

NE Van 

197 

8*2 

1*4 

49 

ENE 

Var. 

179 

4*5 

1'8 

68 

E Var. j 


For stations marked with an asterisk, the available data up to the end of 1931 only have been used ; 
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8~km. above Sea Level over India—December. 


3 0 km. 

4-0 km. 

6 0 km. 

8-0 km. 

n 

V 

V 

B 

D' 

B' 

n 

V 

v B 

D' B' 

n 

V 

v B 

B' B* 

n 

V 

v B 

B' B" 

47 

8-0 

6-3 

69 

NE 

E 

41 

8-2 

5*2 69 

ENE W 

26 

111 

7-4 88 

NE—S 

5 

7.7 

6-2 226 

.. . • 

146 

9-6 

8-1 

280 

SW- 

-N 

109 

11-7 

10-3 279 

SW—N 

50 

17-8 

16-4 278 

W NW 

9 

24-5 

22*6 286 

.. 

189 

8-2 

61 

294 

WNW 

Var. 

156 

10-6 

8-8 281 

SW—N 

81 

16-9 

15-5 275 

SW—N 

13 

22-4 

20-2 284 

NW W 

198 

8-6 

6-9 

281 

W 

Var. 

157 

12-6 

10-9 278 

SW—N 

75 

18-4 

16-7 274 

SW—N 

10 

25*3 

24 1 292 

.. 

290 

8-0 

5-9 

276 

W 

Var. 

264 

11-1 

9-6 273 

SW—N 

189 

190 

16-8 273 

SW—N 

76 

23*6 

22-3 274 

SW—N 

306 

6-7 

4-3 

295 

S—W 

— N 

259 

10-8 

8-3 283 

SW—N 

115 

15-5 

14-6 277 

SW—N 

28 

20-7 

18-4 282 

W—N 

*276 

4-8 

0-9 

309 

Var. 

253 

6*1 

3 0 265 

WNW Var. 

193 

13-4 

9*5 270 

S—w—N 

104 

19-9 

17-7 281 

S—W—N 

386 

5-9 

3-4 

262 

S—W 

— N 

361 

8*6 

6-3 264 

S—W—N 

277 

16-5 

15-1 272 

S—W—N 

161 

25-8 

23*9 275 

S—W—N 

387 

4-9 

0-8 

191 

SE/S 

NW 

361 

6-7 

2-5 246 

NW Var. 

258 

15-6 

13-7 271 

S—NW 

131 

251 

24 0 270 

SW—N 

74 

7-4 

6-2 

283 

SW- 

-N 

60 

11-4 

10-3 276 

SW—NW 

23 

18*9 

18-0 278 

W SW 




" 

194 

7-7 

5-5 

268 

SW—NW- NE 

165 

10-4 

8-7 272 

S—W—N 

99 

16-7 

15-2 277 

SW—NW 

15 

22-2 

Sh/7 264 

SW—NW 

183 

8-5 

6*7 

276 

W 

Var. 

151 

12-4 

11-0 272 

SW—N 

81 

20*1 

17-7 270 

SW—NW 

9 

22-5 

21-7 285 

.. 

515 

8-3 

6-9 

279 

s—w 

-N 

489 

11-7 

110 276 

SW—NW 

422 

20-3 

18-8 271 

SW—NW 

281 

28-9 

27-4 272 

SW—NW 

114 

10-1 

9-3 

295 

SW- 

-N 

51 

11-2 

10*4 286 

W NW 

16 

14-9 

14-0 281 

.. 

4 

20*7 

18-5 289 

.. 

188 

11-3 

10*2 

294 

w 

NW 

163 

14-2 

13-4 286 

W NW 

104 

20-9 

19-7 276 

SW—NW 

15 

241 

22-9 281 

w 

25 

13-2 

12-9 

278 

w 

NW 

23 

16-9 

16-5 276 

W 

7 

17-9 

17-2 266 






133 

6-2 

21 

269 

wsw 

ENE 

100 

130 

11-3 270 

W/SW' E 

47' 

20-4 

18-9 270 

W SW 

3 

180 

15-9 277 

.. 

300 

8-5 

7-2 

289 

SW—N 

271 

110 

9-7 279 

SW—NW 

192 

16-2 

) 14-6 270 

SW—N 

45 

20*6 

18*6 264 

SW—NW 

187 

110 

7-9 

383 

SW—NW 

168 

151 

13-9 278 

SW—NW 

54 

19*9 

18-2 268 

SW—NW 

6 

27-5 

26-5 254 

.. 

180 

9*2 

80 

281 

SW—NW 

141 

11-7 

10-7 277 

SW—NW 

70 

17-1 

15-9 276 

SW—NW 

8 

200 

18-5 273 

* * 

320 

6-5 

4*8 

275 

W 

Var. 

304 

8-6 

71 273 

s— nW 

240 

12-9 

11-6 273 

SW—N 

109 

18-0 

171 265 

SW—NW 

179 

8*0 

6-8 

265 

8 —NW 

155 

12-0 

11*2 274 

SW—NW 

76 

16*3 

11*9 273 

SW—NW 

5 

27*7 

22-4 276 

.. 

139 

4*7 

1-2 

311 

W 

Var. 

116 

5-6 

21 246 

NW Var. 

78 

8-0 

4-1 290 

Var. 

9 

8-4 

5*0 220 

.. 

191 

8-9 

7-3 

293 

s—w- 

~N 

166 

11-3 

9-8 286 

S—W—N 

97 

160 

14-6 278 

SW—N 

13 

21-9 

210 263 

W SW 

25 

10-4 

9-7 

285 

SW—NW 

17 

101 

9*6‘276 

SW—NW 

4 

15-7 

15*5 262 

.. 





140 

8-1 

6-6 

307 

SW—N 

100 

103 

8-6 291 

S—W—N 

62 

141 

12-8 280 

S—NW 

29- 

18-6 

17-8 269 

SW—NW 

293 

5*5 

0-9 

256 

Var 


285 

71 

3-4 278 

W Var. 

252 

11-1 

7-8 273 

W Var. 

153- 

14*4 

12*4 269 

S—NW 

167 

5-2 

20 

35 

Var 


157 

6-5 

2-4 347 

NW Var. 

129 

7-9 

4-3 291 

W Var. 

77 

100 

7-6 278 

S—W—N 

177 

5*1 

1-6 

16 

NE 

Var. 

141 

5-6 

1-8 314 

Var. 

95 

90 

5-5 287 1 

SW—NW—NE 

20 

9*2 

7-0 264 

SW—NW 

192 

6-4 

4-2 

81 

E 

Var. 

161 

7-7 

4-6 76 

NE—SE 

80 

7-1 

2-9 52 

E Var. 

24 

8-0 

3-1 332 

Var. 

348 

5-7 

3-8 

81 

E 

Var. 

318 

6-2 

2-5 334 

E Var. 

252 

7‘2 

2-5 83 

E Var. 

168 1 

7-8 

1-0 279 

Var. 

175 

5-6 

31 

67 

E 

Var. 

149 

5-4 

2-6 71 

E Var. 

. 98 

6-3 

10 80 

E Var. 

40 

6-7 

1-6 255 

SW Var. 

118 

5-7 

3-8 

94 

E 

Var. 

93 

5-5 

3-7 89 

NE—S 

66 

70 

4-9 80 

NE—SE 

25 

7-6 

8-0 67 

N—j£—S 

150 

6-4 

2-9 

82 

E 

Var. 

: 112 

6-9 

4-9 86 

E Var. 

52 

8-6 

6-7 84 

ESE Var. 

14 

12-7 

10-9 85 

NE—SE 


lor the remaining stations, data up bo the end of 1934 have been used. 



















APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

MARCH. 


Station. 

Years. 

No. of 

Low CLOUDS. 

Stationary. 

No. of 

Medium Clouds. 

Stationary. 

No. of 

High Cloud* 

Stationary. 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S j 

SW 

W 

NW 

Bahrein . 

1028—'35 

105 

10 


4 


2 

25 

53 

5 

.. 

76 






25 

64 

12 

.. 

64 

4 




i 

28 

61 

6 


Muscat 

1928—’35 

55 

4 

2 

4 

.. 

3 

26 

46 

15 

• • 

54 





2 

12 

81 

5 

.. 

80 

1 





20 

68 

12 


Gwador . 

1928—35 

74 

.. 

.. 

2 

5 

17 

29 

46 

1 

.. 

29 






26 

62 

12 

.. 

107 





.. 

10 

79 

11 


Karachi . 

1926—’35 

74 




1 

.. 

11 

75 

12 

1 

54 






25 

75 

.. 


174 





.. 

15 

78 

5 

1 

Quetta 

1926—’35 

188 

1 


1 

1 

7 

37 

44 

9 

2 

59 

1 

6 

1 

1 

3 

35 

50 

4 

.. 

72 

3 



1 

1 

17 

56 

22 < 


Peshawar . 

1926—’35 

245 

7 

6 

9 

8 

18 

26 

17 

9 


330 

2 

2 

1 

5 

7 

39 

36 

7 

.. 

467 



2 

2 

3 

18 

61 

13 


Lahore 

1926—’35 

62 


2 

3 

11 

31 

29 

20 

4 


75 

1 

2 

.. 

1 

12 

41 

43 

1 


180 





1 

24 

64 

11 


Simla 

1926—’28 

47 



2 

15 

17 

23 

42 

1 


26 




12 

13 

32 

32 

9 


23 






15 

84 

1 


Ahmedabad 

1929—’35 

8 




5 

5 

41 

43 

5 


16 




3 

3 

24 

71 

.. 

.. 

54 

4 





21 

60 

14 


Ajmer 

1929—34 

27 





10 

46 

35 

9 


23 





1 

52 

47 

.. 


101 






20 

71 

9 


Agra 

1926—’35 

79 

2 


2 

.. 

7 

35 

45 

9 


77 

4 





31 

53 

11 


181 






19 

74 

7 


Allahabad 

1930—’35 

28 





3 

7 

87 

3 


23 



5 


6 

31 

59 



50 





1 

29 

71 



Patna 

1929—’35 

25 



9 

7 


27 

35 

21 


45 

1 


1 

1 


17 

77 

1 


89 

2 





18 

72 

8 


Tezpur 

1929—*35 

108 


2 

3 

2 

3 

38 

46 

1 

4 

33 






14 

59 

13 

14 

22 






23 

45 

28 

3 

Calcutta . 

1926—’35 

152 

1 

1 

1 

1 

9 

41 

33 

13 

1 

36 






18 

55 

13 

14 

57 

3 

6 




35 

45 

4 

7 

Dacca 

1929—’35 

124 

1 

1 

1 

3 

20 

40 

23 

7 

3 

24 




4 

4 

10 

60 

23 

• • 

9 






17 

83 



Chittagong 

1929—’35 

74 

1 


1 

3 

12 

30 

36 

17 


27 




2 

4 

18 

64 

13 

.. 

29 






24 

66 

10 


Akyab 

1926—'35 

no 

8 

20 

2 

3 

6 

19 

31 

11 


39 

8 

20 

2 

3 

6 

19 

31 

11 


45 





4 

21 

74 

2 


Mandalay 

1929—’35 

45 






50 

44 

6 


44 






29 

71 

• • 


33 






21 

70 

8 


Rangoon . 

1929—35 

87 


3 

5 

11 

16 

31 

26 

8 

1 

21 

2 

20 



1 

43 

34 



34 





3 

39 

46 

8 

2 

Jaipur 

1926—’35 

50 

1 




7 

37 

43 

11 


69 

1 

3 

1 


4 

21 

63 

7 


112 





3 

32 

55 

10 


Jubbulpore 

1929—’35 

34 





1 

28 

61 

9 


73 






24 

67 

9 


55 






17 

77 

6 


Sambalpur 

1931—’35 

27 




10 


18 

69 

3 


35 





3 

15 

62 

19 


23 






41 

59 



Bombay . 

1926—’35 

101 

20 

1 

6 

13 

18 

12 

12 

17 


44 



5 

8 

30 

32 

15 

9 


66 



4 

8 

8 

28 

35 

17 


Poona 

1926—’35 

93 

3 

11 

8 

11 

25 

25 

15 

4 


58 


1 

7 

2 

12 

49 

20 

9 


69 






47 

41 

12 


Hyderabad 

1930—’35 

48 


9 

18 

21 

15 

15 

14 

8 


25 

23 

5 



8 

14 

21 

30 


18 





26 

61 

11 

1 


Waltair . 

1929—’35 

71 

3 

3 


1 

13 

68 

11 



35 

85 

3 




8 

18 

37 


42 






66 

34 



Mangalore 

1929—’35 

137 

15 

12 

10 

6 

9 

13 

10 

24 


46 

1 

29 

21 

26 

4 

13 

2 

4 


57 

11 

6 

10 

26 

22 

23 

3 

1 


Bangalore 

1926—’35 

189 

3 

14 

22 

21 

6 

14 

10 

10 


29 

11 

13 

22 

12 

4 

19 

9 

9 


107 


7 

6 

19 

22 

31 

8 

7 


Madras 

1926—'35 

235 

1 

7 

18 

22 

35 

16 

1 

1 


29 

6 


11 

33 

14 

21 

9 

7 


173 



5 

14 

25 

35 

13 

3 

6 

Port Blair 

1926—’35 

234 

2 

26 

46 

11 

4 

2 

3 

5 


26 

1 

13 

14 

29 

27 

7 

5 

3 


147 

4 

3 

5 

25 

28 

15 

9 

3 

6 

Kodaikanal 

1926—’35 

252 

21 

32 

25 

8 

5 

1 

3 

6 


17 

5 

10 

25 

18 

5 

33 


3 


134 


4 

9 

29 

19 

27 

9 

2 

1 

Trivandrum 

1926—’35 

171 

14 

19 

9 

7 

4 

10 

10 

29 


69 


21 

29 

25 

5 

8 

6 

4 


101 


10 

24 

43 

13 

3 

2 

6 




RAMANATHAN AND RAMAKRISHNAN. 


































































































APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

APRIL. 


Station. 

... 

Years. 

No. of 

Low Clouds. 

Stationary. 

No. of 

Medium Clouds. 

Stationary. 

No. of 

High Clouds. 

Stationary. 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

N\V 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Bahrein . 

1928—35 

91 




2 

3 

43 

48 

4 


94 





3 

40 

53 

3 


70 





2 

40 

46 

13 


Muscat • 

1928—’35 

51 

1 

3 


3 

1 

23 

47 

23 


57 





1 

26 

54 

19 


123 

1 





29 

58 

12 


Gwador . 

1928—’35 

78 



7 

8 

10 

35 

39 

2 


37 






18 

76 

6 


113 





1 

20 

67 

13 


Karachi . 

1926—’35 

117 






15 

79 

5 


58 

1 

1 




9 

78 

4 

6 

202 

1 





15 

76 

7 

1 

Quetta 

1926—'35 

227 

2 




7 

35 

43 

12 


55 

2 




8 

33 

43 

13 


86 

3 




8 

17 

51 

21 


Peshawar . 

1926—'35 

331 

5 

6 

8 

9 

16 

30 

22 

6 


366 

1 

1 


3 

11 

36 

39 

9 


470 

2 

1 

2 

1 

3 

17 

57 

18 


Lahore 

1926—’35 

82 

1 

1 


3 

15 

36 

32 

12 

.. 

120 

2 


1 

2 

7 

39 

42 

6 


167 

2 

1 


1 

4 

31 

49 

11 


Simla 

1926—28 

65 

7 



9 

20 

29 

19 

5 

11 

29 




1 

14 

27 

50 

8 


51 



1 

2 

2 

13 

72 

7 

4 

Ahmcdabad 

1929—'35 

66 

1 

1 

.. 

1 

4 

31 

51 

11 

1 

29 





12 

42 

46 



65 

4 




2 

27 

54 

13 


Ajmer 

1929—34 

66 

2 




3 

34 

51 

9 


57 





6 

35 

51 

9 


107 





3 

15 

70 

11 


Agra 

1926—’35 

113 

1 




5 

21 

61 

11 

1 

82 





1 

26 

53 

19 


182 





1 

12 

73 

13 


Allahabad 

1930—35 

58 

2 

2 

2 


1 

19 

68 

7 


30 






19 

76 

5 


65 






15 

77 

8 


Patna 

1929—'35 

46 


3 

9 

8 


5 

56 

18 


57 






23 

74 

3 


133 





2 

32 

60 

5 


Tezpur 

1929—'35 

171 



4 

2 

4 

24 

61 

2 

1 

48 





1 

17 

79 

4 


25 






29 

71 



Calcutta 4 

1926—*35 

290 

1 

1 


1 

21 

49 

16 

9 

1 

43 




1 

1 

40 

48 

6 

4 

98 

.. 

2 




36 

47 

11 

4 

Dacca 

1928—’35 

199 

1 



2 

21 

50 

22 

3 

1 

56 





3 

34 

53 

11 


22 




4 

3 

32 

53 

8 


Chittagong 

1929—'35 

184 

1 



1 

28 

50 

13 

7 


32 






44 

48 

8 


18 





10 

26 

59 

5 


Akyab 

1926—'35 

269 

5 

2 

2 

1 

7 

31 

33 

20 

’ . 

82 

1 




2 

28 

52 

16 


72 

3 





22 

62 

11 

1 

Mandalay 

1929—'35 

157 





2 

42 

50 

5 


81 






30 

64 

6 


79 






14 

75 

11 


Rangoon . 

1929—'35 

205 

1 


2 

6 

9 

28 

43 

11 


13 




4 

8 

50 

37 



54 




1 

26 

27 

37 

6 

2 

Jaipur 

1926—'35 

106 

4 



2 

3 

35 

44 

21 


93 

1 


1 

2 

3 

27 

53 

9 

5 

122 



1 

3 

3 

21 

57 

15 


Jubbulpore 

1929—'35 

108 



1 


4 

9 

68 

18 

.. 

90 





2 

21 

67 

11 


79 

1 




2 

35 

52 

9 


Sambalpur 

1931—'35 

69 

1 



1 

1 

6 

62 

29 


28 





3 

28 

43 

27 


30 






47 

51 

2 


Bombay . 

1926—’35 

272 

13 

4 

4 

6 

11 

23 

20 

19 


58 

1 

4 

3 

10 

8 

36 

31 

9 


75 

3 

4 

2 

4 

7 

38 

33 

9 


Poona 

1926—'35 

154 

3 

14 

12 

10 

15 

18 

19 

9 

1 

101 

3 

4 

11 

16 

16 

35 

12 

4 


56 


1 


2 

7 

26 

50 

14 


Hyderabad 

1930—'35 

83 

9 

8 

7 

11 

8 

14 

24 

19 


49 

20 

16 

9 

4 

5 

9 

8 

30 


51 

1 

1 

3 


3 

48 

35 

10 


Waltair . 

1929—’35 

146 

1 

3 

3 

1 

6 

75 

9 

3 


91 

8 

4 



3 

13 

26 

41 

5 

79 

1 




8 

27 

53 

11 


Mangalore 

1929—'35 

251 

11 

9 

4 

2 

4 

10 

23 

38 


94 

4 

36 

30 

10 

3 

7 

2 

6 

2 

85 

6 

9 

14 

13 

15 

28 

10 

4 


Bangalore 

1926—'35 

409 

5 

16 

19 

11 

6 

18 

18 

7 


60 

3 

34 

20 

13 

6 

15 

7 

3 


116 

1 

11 

6 

17 

17 

24 

13 

11 


Madras 

1926—'35 

265 

2 

6 

9 

20 

37 

23 

2 

2 

1 

81 

12 

14 

7 

7 

8 

20 

11 

9 


233 


2 

2 

9 

22 

38 

17 

5 

5 

Port Blair 

1926—'35 

323 

9 

14 

25 

10 

6 

10 

15 

11 


.50 

6 


9 

12 

26 

30 

10 

6 

2 

135 


2 

12 

28 

17 

23 

7 


12 

Kodaikanal 

1 1926—'35 
r 

358 

15 

39 

22 

12 

1 


2 

7 

1 

62 

12 

15 

15 

13 

8 

6 

13 

4 

13 

147 

2 

6 

7 

37 

22 

16 

8 

2 

1 

Trivandrum 

1926—'35 

317 

9 

13 

7 

4 

1 

3 

18 

46 

•• 

76 

14 

11 

27 

1 9 

7 

7 

4 

20 


77 

5 

11 

26 

29 

6 

7 

5 

12 
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APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

MAY. 


Station. 

Years. 

1 of 

Low Clouds. 


No. of 

Medium Clouds. 


No. of 

High Clouls. 




Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 


Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Stationary. 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Stationary. 

Bahrein . 

1928—’35 

30 




3 

7 

66 

23 

2 


59 




3 

3 

47 

44 

3 


58 


~ 



3 

47 

48 

2 


Muscat 

1928—'35 

95 


6 

6 



32 

51 

3 

•• 

17 






52 

48 



59 






50 

43 

6 


Gwador 

1928—'35 

107 




2 

18 

43 

36 



11 

12 

8 

17 


4 

4 

42 


17 

64 






18 

70 

12 


Karachi . 

1926—’35 

310 


1 




12 

84 

3 


25 

3 

5 




12 

49 

21 

10 

68 





1 

11 

74 

12 

2 

Quetta 

1926—’34 

163 

3 

1 


1 

3 

19 

48 

24 


38 

8 

2 


1 

4 

33 

39 

13 


52 

1 


1 

1 


41 

37 

18 


Peshawar . 

1926—’35 

231 

3 

6 

4 

7 

10 

24 

31 

..17 


321 

1 

1 

4 

3 

5 

30 

45 

11 


. 339 

1 

1 

1 

1 

3 

19 

57 

15 


Lahore 

1926—'35 

52 

2 

2 


4 

10 

32 

34 

17 


87 

3 

1 

1 

3 

5 

20 

48 

15 


113 

2 


7 


1 

26 

57 

9 


Simla 

1926—'28 

52 


3 

1 

30 

15 

23 

21 

6 

1 

54 

2 


1 

3 


17 

37 

33 

3 

18 





5 

16 

72 

2 

5 

Ahmedabad 

1928—’35 

118 

1 

3 


1 

2 

32 

50 

7 


13 

3 

17 



8 

28 

42 

3 


15 

4 





32 

54 

8 


Ajmer 

1928—’34 

72 

4 

2 

1 

3 

2 

23 

37 

23 

4 

31 

4 

2 


2 


18 

51 

18 

4 

30 


3 




13 

75 

11 


Agra 

1926—’35 

147 

1 


1 

2 

2 

21 

44 

28 

•• 

87 




3 

5 

18 

51 

19 

3 

86 





1 

22 

73 

11 


Allahabad 

1930—’35 

49 

3 

1 

2 

1 


19 

51 

23 


42 






27 

52 

19 

2 

31 





4 

27 

58 

12 


Patna 

1928—’35 

86 

2 

2 

26 

13 

- 

5 

34 

18 


65 

2 


2 

2 

2 

11 

62 

15 

3 

36 

3 




4 

58 

26 

6 

2 

Tezpur . 

1929—’35 

166 

1 

1 

11 

3 

4 

35 

37 

4 

1 

67 

1 

1 

11 

3 

4 

85 

37 

4 

1 

20 






41 

54 

4 


Calcutta . 

1926—’35 

389 

1 

2 

3 

5 

39 

34 

10 

5 

1 

31 






48 

26 

18 

9 

77 

3 

2 

1 

2 

20 

27 

22 

4 

17 

Dacca 

1928—*35 

311 


•* 

2 

6 

33 

45 

9 

3 

1 

41 

1 

1 

1 

1 

2 

11 

56 

31 

.. 

15 

13 


4 

4 

10 

31 

21 

17 


Chittagong 

1929—*35 

136 

2 

2 

1 

4 

37 

47 

6 

3 

.. 

22 



7 


13 

17 

32 

27 

4 

8 






25 

73 



Akyab 

1926—’35 

274 

3 

1 

2 

7 

10 

30 

32 

15 


73 

5 

9 

4 

5 

6 

17 

33 

18 

2 

110 

5 


8 

3 

11 

13 

34 

19 

7 

Mandalay 

1929—’35 

126 

3 

3 

1 

2 

23 

31 

26 

11 


105 

.. 


1 


7 

47 

39 

8 

, . 

121 

2 

1 


2 

8 

24 

44 

7 

10 

Rangoon . 

1929—’35 

168 

2 

1 

1 

5 

13 

31 

36 

11 


16 

1 

9 

10 

10 

7 

23 

35 

5 

.. 

52 

7 

7 

15 

16 

4 

6 

18 

24 

1 

Jaipur 

1926—’35 

111 

10 

1 

1 

1 

9 

17 

36 

25 

2 

87 

1 

.. 

.. 


4 

20 

42 

23 

10 

46 





4 

21 

55 

18 


Jubbulpore 

1929—’35 

93 

10 





16 

41 

32 

•• 

91 

11 




1 

20 

40 

28 

.. 

59 

5 



4 

2 

28 

46 

15 


Sambalpur 

1931—'35 

36 

4 

7 

2 

3 


10 

26 

49 


24 






25 

43 

32 

,, 

29 



1 

11 

4 

48 

26 

10 


Bombay . 

1926—'35 

465 

11 

2 

5 

1 

6 

13 

30 

29 


38 

15 

3 

10 

11 

31 

23 

3 

3 

.. 

78 

5 

6 

7 

27 

9 

7 

20 

18 


Poona 

1926—'35 

148 

6 

11 

6 

10 

10 

10 

29 

18 


64 

4 

6 

16 

27 

15 

18 

8 

1 

7 

90 


3 

16 

18 

18 

28 

12 

4 

1 

Hyderabad 

1936—*35 

80 

19 

20 

17 

9 

1 

5 

10 

17 


35 

8 

37 

20 

1 

1 

10 

5 

17 


59 

4 

5 

14 

13 

20 

27 

7 

11 


Waltair . 

1929—’35 

169 

4 

2 

2 

1 

7 

65 

16 

3 


97 

24 

27 

8 

4 

1 

5 

8 

23 


56 

1 

9 

9 

13 

8 

22 

27 

12 


Mangalore. 

1929—’35 

7 

6 

4 

3 

1 

4 

6 

24 

52 


95 

6 

28 

39 

12 

3 

6 

3 

4 

. . 

6 

2 

16 

44 

11 

12 

11 

3 

1 

1 

Bangalore 

1926—’35 

276 

8 

19 

13 

7 

4 

13 

25 

11 

•• 

86 

6 

26 

14 

11 

7 

16 

13 

5 


174 

3 

18 

17 

21 

7 

18 

7 

9 


Madras 

1926—’35 

154 

5 

9 

9 

9 

28 

23 

6 

10 


142 

12 

24 

19 

5 

9 

14 

10 

5 

2 

289 

4 

7 

22 

19 

11 

11 

7 

6 

10 

Port Blair 

1926—'35 

286 

2 

2 

9 

8 

4 

33 

35 

6 

•• 

68 

5 

12 

13 

7 

9 

24 

14 

10 

4 

130 

8 

9 

25 

23 

7 

6 

6 

5 

9 

Kodaikanal 

1926—’35 

272 

15 

30 

20 

8 

4 

2 

11 

9 

•V 

89 

5 

26 

15 

11 

3 

10 

13 

7 

9 

136 

4 

15 

21 

21 

13 

13 

5 

2 

4 

TMvandrum 

1926—'35 

293 

7 

3 

• * 

• * 

1 

3 

26 

59 

•• 

72 

13 

17 

10 

2 

1 

17 

23 

17 

•• 

66 

6 

4 

20 

38 

1 

22 

9 

1 
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APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

JUNE. 




Station. 

Years. 

No. of 
Obsns. 

Low Clouds. 

Stationary. 

No. of 

Medium Clouds. 

Stationary. 

No. of 
Obsns. 

High Clouds. 

Stationary. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Bahrein . 

. 

1928—*35 

.. 









.. 

.. 









.. 











Muscat 

. 

1928—'35 

13 

.. 

17 

19 

2 


18 

23 

24 


50 

12 

12 

46 

7 

14 

2 

2 

4 

.. 

28 

.. 

22 

49 

21 


7 




Gwador . 

. 

1928—'35 

203 


1 

5 

22 

20 

27 

23 

1 

.. 

28 

5 

29 

43 

1 


3 

6 

8 

3 

11 

7 

11 

48 

27 




7 

.. 

Karachi • 

. 

1926—’35 

507 

1 

2 

3 

1 

2 

18 

71 

2 

.. 

33 

10 

28 

29 

3 


4 

15 

7 

3 

41 

1 

17 

38 

9 

16 

5 

9 

1 

6 

Quetta . 

. 

1926—’34 

108 

10 

7 

2 

2 

4 

18 

35 

24 

.. 

13 

17 

17 




16 

34 

17 

.. 

3 






17 

50 

33 


Peshawar . 

. 

1926—*35 

168 

3 

2 

1 

4 

9 

35 

31 

15 

.. 

306 

3 

2 

2 


3 

33 

44 

13 

.. 

104 

6 

.. 

1 


3 

29 

48 

13 

# , 

Lahore 

. 

1926—'35 

45 

7 

10 

10 

6 

15 

20 

20 

9 

1 

65 

6 

2 

.. 

1 

3 

31 

41 

18 

1 

18 

.. 

.. 

3 

14 

.. 

19 

46 

18 


Simla 

. 

1926—’27 

52 

4 



2 

5 

11 

41 

33 

4 

32 




1 

5 

27 

50 

17 


12 






31 

64 

5 

# # 

Ahmedabad 

. 

1928—'35 

303 

1 

2 

1 

3 

10 

33 

43 

5 


27 

7 

6 

15 

41 

12 

10 

6 

.. 

3 

11 


12 

57 

11 


7 

7 


7 

Ajmer 

. 

1928—’34 

119 

14 

9 

4 

2 

5 

21 

30 

13 

.. 

59 

8 

11 

2 

9 

7 

20 

28 

15 

.. 

25 

11 

8 

13 

20 

' 3 

17 

19 

5 

,, 

Agra 


1926—’35 

207 

8 

7 

12 

4 

2 

8 

31 

28 

.. 

105 

4 

6 

4 

6 

1 

12 

49 

17 

.. 

38 

3 

16 

23 

5 

13 

5 

11 

22 

1 

Allahabad 

. 

1930—’35 

128 

6 

11 

18 

5 

1 

13 

28 

21 


48 

10 

2 

14 

1 


28 

39 

5 


29 

9 

5 

21 

19 


6 

39 

1 

., 

Patna 

. 

1928—’35 

264 

4 

8 

41 

15 

3 

5 

14 

9 

1 

123 

5 

6 

9 

17 

3 

19 

26 

17 


137 

4 

4 

11 

19 

11 

19 

14 

8 

11 

Tezpur 

. 

1929—’35 

137 


3 

8 

7 

5 

37 

35 

3 

3 

46 

1 

13 

13 

1 


41 

25 

5 


31 

2 

2 

16 



12 

51 

7 

5 

Calcutta . 

• 

1926—*35 

435 

2 

2 

8 

21 

31 

23 

8 

8 

1 

62 

6 


13 

19 

3 

13 

24 

5 

18 

83 

13 

10 

36 

7 

5 

6 

15 

3 

7 

Dacca 

. 

1928—’35 

336 


1 

3 

21 

47 

24 

3 

1 

1 

37 


3 

20 

14 

11 

24 

16 

3 

9 

23 


1 

14 

7 

20 

23 

21 

10 

3 

Chittagong 

. 

1929—’35 

155 



2 

19 

60 

17 

1 

1 

.. 

18 

6 

5 

18 

27 

15 

5 

10 

13 

.. 

24 


5 

25 

13 

9 

3 

12 

3 

28 

Akyab 

. 

1926—’35 

820 

1 

3 

9 

16 

32 

21 

11 

4 


88 

5 

15 

7 

22 

11 

22 

9 

8 

.. 

72 

7 

14 

29 

15 

8 

9 

8 

2 

9 

Mandalay 

. 

1929—’35 

250 




4 

50 

35 

7 

2 

.. 

141 

5 

5 

5 

7 

12 

29 

24 

9 

2 

145 

5 

27 

18 

11 

6 

9 

9 

4 

11 

Rangoon . 

* 

192flt-'35 

204 

.. 

.. 

1 

8 

31 

42 

17 

.. 

1 

35 




5 

7 

46 

26 

6 

10 

16 


13 

19 

6 

3 

7 

40 

13 


Jaipur 

. 

1926—’35 

110 

19 

5 

4 

3 

4 

13 

29 

21 

2 

75 

15 

6 

3 

8 

4 

15 

27 

20 

3 

18 

11 

9 

6 

6 

9 

14 

7 

23 

15 

Jubbulpore 

. 

1929—’35 

179 

15 

8 

4 

2 

3 

10 

31 

26 


176 

12 

10 

7 

3 

6 

11 

30 

21 

.. 

95 

2 

11 

28 

11 

12 

15 

16 

3 

2 

Sambalpur 

. 

1930—’35 

141 

7 

9 

7 

5 

3 

15 

26 

27 


21 

13 

11 

12 


10 

4 

32 

20 

.. 

31 

1 

9 

44 

25 

1 

2 

14 

6 

.. 

Bombay . 

. 

1926—'35 

624 

1 

1 

1 

3 

11 

41 

33 

8 


90 

11 

15 

18 

15 

8 

14 

10 

7 

\ 1 

72 

5 

11 

23 

32 

3 

13 

8 

3 


Poona 

. 

1926—'35 

527 

1 

2 

4 

3 

3 

23 

55 

10 


149 

4 

14 

25 

20 

7 

8 

13 

6 

S 

120 

3 

18 

43 

25 

1 

4 

1 

2 

1 

Hyderabad 

. 

1930—'35 

122 

8 

2 

5 

3 


11 

45 

26 


56 

5 

17 

25 

9 

5 

12 

19 

7 

.. 

58 

3 

26 

44 

7 

5 

2 

5 

5 


Waltair 

. 

1929—'35 

138 

4 

8 

1 


5 

39 

30 

14 


115 

12 

16 

5 

3 

1 

5 

24 

27 

8 

91 

5 

23 

51 

14 




2 

3 

Mangalore 

. 

1928—'35 

298 

1 

1 


1 

3 

14 

50 

28 

3 

62 


22 

16 

15 

15 

6 

11 

7 

9 

38 

5 

23 

38 

11 

3 

9 

7 

1 

3 

Bangalore 

. 

1926—'35 

541 






27 

67 

9 


50 

.. 

14 

5 

21 

5 

9 

30 

15 

.. 

70 

1 

23 

29 

15 

7 

11 

7 

7 

.. 

Madras 

. 

1926—*35 

212 

3 

2 

2 

1 

1 

12 

57 

22 


198 

7 

13 

9 

2 

5 

12 

35 

16 

2 

235 

2 

17 

62 

7 

2 

2 

3 

3 

3 

Port Blair 

• 

1926—’35 

463 




1 

2 

68 

28 

1 


76 

4 

7 

23 

15 

12 

15 

13 

1 

11 

84 


10 

57 

15 

2 

1 

2 

1 

13 

Kodaikanal 

. 

1926—'35 

297 

3 

2 

2 

4 

2 

5 

57 

24 


100 

2 

8 

11 

6 

4 

11 

27 

24 

7 

85 

1 

13 

50 

21 

2 


1 

3 

7 

Trivandrum 

• 

1926—’35 

242 

2 

1 


2 

•• 

3 

38 

53 

2 

85 

18 

9 

3 

•• 

1 

6 

19 

44 

— 

44 

12 

13 

41 

19 

1 

3 

4 

7 

•• 
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APPENDIX B. 


Normal percentage frequencies of direction of movement of clouds 


over India. 


JULY. 


Station. 

Years. 

No. of 
Obsns. 

Low Clouds. 

Stationary. 

No. of 

Medium Clouds. 

Stationary. 

No. of 

High Clouds. 

1 1 a m. . 

N 

NE 

E 

SE 

S 

sw 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S 

sw 

W 

NW 

Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

o lu tiuilciry, 

Bahrein . 

1928—*35 











42 

6 

19 

27 

25 

1 

,. 

11 

8 

4 

4 



37 

63 






Muscat 

1928—’35 

36 

4 

26 

31 

1 



26 

17 


110 

7 

33 

43 

6 

1 

3 

3 

3 

1 

45 


13 

78 

5 




3 


Gwador . 

1928—'35 

365 

4 

1 

11 

33 

24 

24 

6 

1 


87 

9 

32 

20 


10 

7 

5 

11 

6 

35 

4 

15 

48 

15 

4 


8 

4 

2 

Karachi . 

1926—'35 

784 

1 

2 

1 

1 

1 

12 

77 

4 


124 

12 

30 

35 

5 

1 

4 

8 

6 

1 

•73 

2 

17 

62 

11 



2 

2 

5 

Quetta 

1926—*34 

139 

11 

13 

8 

4 

4 

9 

20 

29 

3 

47 

7 

9 

26 

8 

6 

9 

16 

16 

2 

21 

10 

7 


26 

8 

16 

22 

11 


Peshawar . 

1926—’35 

433 

3 

23 

50 

11 

1 

2 


9 


388 

7 

4 

3 

3 

8 

18 

32 

23 

1 

114 

7 

3 

7 

5 

5 

18 

41 

14 


Lahore 

1926—*36 

289 

12 

7 

14 

25 

11 

10 

10 

11 


155 

12 

6 

6 

11 

11 

13 

19 

20 


43 

5 

5 

9 

9 

6 

36 

20 

4 

3 

Simla . . 

1926—’27 

55 

8 

1 

4 

9 

11 

10 

27 

29 


19 

3 


1 

32 

11 

19 

6 

26 


6 

33 

17 




50 




Ahmedabad 

1928—'35 

394 



1 

3 

8 

40 

43 

3 


62 

3 

14 

22 

4 

1 

29 

19 

6 

3 

17 

4 

10 

60 

10 

1 

1 

1 

4 

8 

Ajmer 

1928—*34 

425 

5 

11 

10 

5 

5 

24 

35 

6 


86 

4 

27 

26 

11 

3 

10 

9 

5 

7 

76 

2 

28 

52 

8 

1 

5 

1 

1 

3 

Agra 

1926—'35 

584 

11 

9 

24 

11 

4 

6 

17 

16 


129 

3 

15 

32 

11 

3 

4 

13 

11 

7 

141 

4 

16 

35 

11 

4 

5 

18 

5 

1 

Allahabad 

1931—’35 

406 

3 

12 

35 

9 

4 

5 

19 

13 


37 

11 

7 

18 

11 

1 

11 

12 

21 

9 

40 

5 

26 

31 

1 

2 

5* 

8 

6 

15 

Patna 

1929—’35 

519 

1 

4 

52 

19 

4 

4 

11 

5 


86 

1 

13 

32 

15 

11 

2 

17 

6 

3 

186 

3 

23 

50 

11 

1 

2 


2 

9 

Tezpur 

1929—'35 

185 

1 

6 

25 

7 

11 

25 

24 

1 


57 

1 

4 

30 

9 

4 

21 

18 

4 

9 

47 


19 

31 

12 

5 

4 

16 

4 

8 

Calcutta . 

1926—*35 

645 

2 

4 

19 

18 

24 

19 

8 

4 

2 

66 

11 


11 

10 

11 

17 

11 

6 

23 

79 

3 

22 

47 

18 





10 

Dacca 

1928—'35 

463 

1 

1 

6 

43 

30 

17 

1 

1 


32 


15 

14 

18 

11 

19 

20 

2 


39 


36 

31 

7 

1 

8 

11 

5 


Chittagong 

1929—*35 

258 




13 

60 

17 

2 

1 


12 


7 

40 

3 

13 

20 

17 



26 


28 

48 


5 

6 

13 



Akyab 

1926—*35 

312 

2 


2 

16 

35 

31 

9 

4 

1 

49 

3 

5 

17 

15 

16 

30 

11' 


2 

33 

3 

13 

43 

16 

*10 

3 

4 

9 


Mandalay . 

1929—'35 

402 

1 

1 

2 

4 

45 

41 

5 

1 


158 

3 

16 

21 

12 

7 

20 

13 

7 

1 

125 

4 

22 

50 

9 

3 


3 

4 

4 

Rangoon . 

1929—'35 

270 



1 

2 

18 

51 

28 

1 


27 


2 


13 


28 

52 


5 

4 



25 


13 

13 

25 

25 


Jaipur 

1926—'35 

437 

7 

13 

18 

7 

4 

12 

27 

12 


128 

9 

17 

26 

6 

3 

9 

15 

12 

4 

48 

6 

13 

29 

17 

3 

11 

8 

6 

7 

Jubbulpore 

1929—'35 

524 

7 

5 

5 

2 

1 

7 

53 

21 


94 

10 

14 

30 

10 

4 

12 

12 

4 

5 

81 


10 

73 

10 

2 

1 

1 

3 


Sambalpur 

1930—'35 

318 

3 

8 

7 

3 

3 

20 

39 

19 


11 

10 

17 

43 


3 

3 

17 

7 


21 

5 

38 

41 

3 

3 

3 

2 

7 


Bombay . 

1926—'35 

787 





2 

41 

55 



67 

1 

9 

16 

6 

6 

32 

23 

7 


30 

13 

33 

30 

4 

1 


16 

2 


Poona 

1926—'35 

776 






15 

82 

2 


130 

8 

19 

21 

7 

4 

11 

9 

18 

2 

60 

2 

16 

68 

12 

1 




1 

Hyderabad 

1930—’35 

236 

1 

1 




6 

68 

21 

2 

26 

3 

2 

12 



12 

38 

32 


44 

2 

28 

50 



11 

7 

1 


Waltair . 

1929—'35 

194 

1 

1 



5 

19 

61 

12 


123 

5 

6 

5 



1 

42 

31 

8 

7 

19 

64 

13 





4 


Mangalore 

1928—'36 

415 






5 

70 

24 


51 

5 

6 

11 

16 

4 

6 

23 

17 

14 

20 


20 

69 

13 






Bangalore 

1926—’35 

700 


1 




14 

79 

6 


16 


1 

3 

29 


24 

26 

17 


28 

1 

23 

38 

21 

4 

10 

2 



Madras 

1926—'35 

382 

1 

1 

1 

1 

1 

5 

71 

19 


218 

1 

6 

8 

2 

2 

10 

52 

12 

4 

236 


16 

76 

4 


1 

3 



Port Blair 

1926—*35 

685 




1 

10 

66 

23 



82 

7 

11 

30 

16 

4 

9 

11 

9 

3 

89 

1 

31 

52 

5 

6 


3 


2 

Kodaikonal 

1926—'35 

524 

2 


1 

1 


2 

66 

29 


112 

3 

6 

2Q 

7 


13 

29 

15 

6 

71 

4 

12 

51 

26 

3 


3 

1 

1 

Trivandrum 

1926—'35 

363 

2 


1 



1 

35 

61 


82 

9 

5 

1 

1 


7 

25 

51 


49 

7 

9 

39 

17 


3 

2 

23 
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APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

AUGUST. 



. ■ 


Station. 

Years. 

No. of 
Obsns. 

Low Clouds. 

Stationary 

No. of 
Obsns. 

Medium Clouds, 

Stationary. 

No. of 
Obsns. 

High Clouds. 

Stationary. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Bahrein . 

1928—'36 

8 




25 



26 

50 


40 

11 

29 

6 

8 

3 

31 

9 

2 


9 


8 

27 

25 

21 

13 

6 



Muscat 

1928—’34 

20 


19 

26 

2 

8 

2 

26 

17 

2 

90 

11 

37 

19 

7 


7 

12 

8 


45 

1 

15 

76 

8 






Gwador . 

1928—’35 

294 


2 

12 

30 

28 

21 

5 

1 

1 

35 

4 

30 

38 

2 

2 

5 

5 

15 


39 

2 

12 

65 

12 


2 

3 

S 


Karachi . 

1920—’35 

041 

1 

1 




9 

84 

4 


117 

5 

38 

88 

5 

1 


7 

4 

1 

67 

8 

24 

42 

17 





8 

Quetta 

1920—’34 

83 

6 

14 

10 

11 

14 

14 

10 

21 

.. 

58 

1 

9 

17 

11 

19 

11 

6 

25 


22 


4 

11 

26 

19 

21 

14 

5 


Peshawar . 

1920—’35 

409 

10 

8 

5 

8 

11 

21 

17 

19 


391 

8 

3 

2 

4 

8 

25 

31 

25 


111 

2 


12 

3 

8 

23 

40 

13 


Lahore 

1920—'35 

248 

11 

7 

14 

27 

9 

10 

13 

9 


158 

12 

5 

8 

13 

19 

15 

12 

18 


76 

5 

4 

4 

7 

14 

39 

12 

15 


Simla 

1920—'27 

24 

9 


11 

23 

6 

5 

3 

21 

22 

5 

30 

30 

20 

10 

10 





5 





40 

30 

10 


20 

Ahmedabad 

1928—'35 

330 

1 

1 



2 

31 

60 

6 


47 

6 

14 

14 

4 

6 

28 

23 

1 

3 

19 


25 

47 

3 

8 

6 

6 


5 

Ajmer 

1928—'34 

396 

4 

8 

9 

5 

2 

25 

41 

4 

1 

67 

1 

25 

40 

12 

10 


6 

5 


72 

1 

19 

48 

21 


4 

3 

3 


Agra 

1920—'35 

502 

7 

6 

31 

16 

4 

7 

15 

15 


126 

6 

11 

29 

11 

0 

7 

18 

14 

2 

158 

2 

24 

35 

23 

9 


1 

3 

3 

Allahabad 

1930—'35 

199 

4 

5 

29 

9 

9 

9 

23 

13 


44 

7 

12 

21 

4 

7 

8 

11 

14 

16 

49 

3 

13 

46 

23 

1 

1 

2 

1 

9 

Patna 

1928—'35 

402 

1 

5 

43 

19 

5 

6 

15 

7 


118 

6 

13 

33 

13 

8 

0 

12 

5 

2 

265 

1 

20 

52 

20 

1 

1 

2 


3 

Tezpur 

1929—'85 

153 

1 

4 

20 

6 

4 

31 

34 



59 

2 

10 

6 

20 

1 

29 

21 

2 

7 

53 

5 

19 

34 

6 

3 

6 

15 

1 

12 

Calcutta . 

1926—'35 

535 

2 

5 

16 

23 

14 

23 

12 

4 

1 

72 

3 

15 

21 

2 

3 

0 

11 

5 

28 

143 

1 

19 

53 

10 

1 

1 

3 

2 

9 

Dacca 

1928—’35 

373 


1 

0 

41 

28 

20 

3 

1 

.. 

49 

•• 

23 

27 

21 

3 

7 

13 

4 

2 

42 

1 

31 

39 

5 

1 

2 

4 

10 

6 

Chittagong 

1929—'35 

226 


1 

3 

20 

60 

13 

2 



30 


7 

25 

35 

11 

7 

5 


10 

22 


3 

72 

5 

7 

7 

7 



Akyab 

1926—'35 

270 

1 

3 

5 

23 

31 

27 

8 

3 


43 

6 

10 

21 

12 

'6 

29 

6 

4 

3 

44 

3 

9 

51 

11 

2 

7 

16 



Mandalay 

1929—'35 

261 

2 

3 

5 

9 

43 

32 

4 

1 

1 

136 

2 

9 

24 

20 

8 

12 

14 

4 

7 

159 

4 

29 

57 

4 


2 


.. 

3 

Rangoon . 

1928—'85 

222 


1 

1 

5 

18 

40 

32 

2 


48 


13 

7 


1 

19 

29 

6 

27 

13 


39 

44 

.. 

17 

.. 



.. 

Jaipur 

1926—'35 

356 

5 

12 

23 

6 

4 

9 

31 

10 


121 

6 

14 

29 

12 

0 

10 

14 

8 

1 

34 

2 

14 

32 

29 


5 

8 

3 

8 

Jubbulpore 

1928—'35 

417 

5 

5 

1 

2 

3 

8 

64 

12 


115 

3 

17 

20 

10 

2 

14 

18 

13 

3 

145 

2 

4 

76 

18 

4 

1 




Sambalpur 

1930—'35 

226 

2 

5 

5 

2 

4 

27 

44 

11 


13 


13 

22 

17 

•• 


15 

28 

5 

34 

1 

25 

68 

6 


1 




Bombay . 

1920—'35 

682 

2 

1 

2 

1 

1 

24 

62 

.9 

.. 

73 

5 

8 

9 

3 

•• 

34 

34 

7 


102 

7 

19 

44 

13 



8 

9 

.. 

Poona 

1926—'35 

663 

• • 

1 

1 

1 

1 

9 

84 

3 

r,. 

128 

7 

29 

17 

5 

1 

4 

15 

20 


91 

1 

13 

67 

11 

1 

1 

6 



Hyderabad 

1930—'35 

184 

1 

3 

3 

6 

3 

9 

57 

17 


34 

1 

11 

18 

15 


3 

22 

33 

.. 

49 

1 

26 

61 

4 




8 


Waltair 

1090_ 

90A 

\ 

2 


2 

2 

29 

54 

11 


89 

16 

11 

3 



3 

4.1 

Q1 





78 




3 



ivzy- OO 

ZUv) 












‘±1 

LI 

• • 

54 


13 

0 



1 


Mangalore 

1928—'35 

324 

5 

1 

1 


2 


47 

48 

•* 

79 

2 

8 

24 

8 


4 

22 

20 

13 

63 

5 

8 

67 

15 



4 


.. 

Bangalore 

1926—’35 

581 

2 

1 

3 

1 


11 

75 

6 


20 


3 

16 

15 

»• 

13 

46 

4 

.. 

54 

1 

16 

48 

23 


6 

2 

1 


Madras 

1926—’35 

287 

1 

2 

3 

2 

9 

15 

50 

19 


203 

3 

15 

18 

4 

5 

9 

29 

10 


275 


10 

73 

7 

1 

1 

2 

2 


Port Blair 

1926—'35 

500 




4 

4 

60 

31 



60 

2 

16 

37 

21 

7 

7 

7 


3 

118 


20 

63 

6 

3 

1 

1 

1 

3 

Kodaikanal 

1920—’35 

304 

4 

1 

2 

6 

2 

7 

55 

22 


90 

3 

13 

23 

2 

2 

12 

33 

10 

2 

92 

2 

6 

70 

19 



1 


1 

Trivandrum 

1926—’35 

301 

5 

1 



1 

3 

20 

71 

•• 

96 

20 

13 

10 

8 

*• 

1 

11 

38 


37 

11 

20 

40 

8 




19 

•• 
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Station. 

Years. 

No. of 
Obsns. 

Low Clouds. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Bahrein . 

• 

1928—'36 

6 


13 

13 

25 



13 

37 

Muscat 

. 

1927—'34 

30 

8 

11 

2 

5 

13 

10 

15 

36 

Gwador . 

. 

1927—'35 

222 


1 

3 

13 

18 

35 

29 

1 

Karachi . 

• 

1926—'35 

453 

1 

3 

1 


1 

5 

88 

2 

Quetta 

• 

1926—'34 

36 

5 

8 

11 

14 

11 

13 

19 

19 

Peshawar . 

• 

1926—'35 

224 

8 

7 

3 

5 

9 

31 

21* 

14 

Lahore 

• 

1926—'35 

103 

30 

9 

6 

10 

11 

5 

13 

18 

Simla 


1926—'27 

30 

1 


.. 

17 

9 

7 

27 

39 

Ahmedabad 

• 

1928—'35 

224 

2 

3 

4 

3 

3 

24 

53 

7 

Ajmer 


1928—’34 

180 

9 

13 

7 

6 

4 

14 

35 

10 

Agra 


1926—'35 

294 

13 

13 

19 

11 

3 

6 

11 

23 

Allahabad 

• 

1930—*35 

179 

5 

15 

42 

7 

6 

4 

13 

8 

Patna 

• 

1928—'35 

313 

2 

5 

37 

23 

5 

6 

14 

9 

Tezpur 

• 

1929—'35 

141 

1 

3 

25 

3 

4 

29 

33 

1 

Calcutta . 

• 

1926—'35 

475 

2 

6 

17 

24 

22 

17 

6 

5 

Dacca 

• 

1928—'35 

339 


2 

7 

30 

33 

23 

3 

1 

Chittagong 

• 

1929—'35 

169 

3 

2 

8 

20 

50 

14 

2 

.. 

Akyab 


1926—’35 

357 

2 

7 

11 

26 

19 

16 

14 

6 

Mandalay . 

. 

1929—'35 

271 

7 

4 

6 

16 

45 

16 

3 

3 

Rangoon .. 


1928—’35 

296 

2 

4 

5 

12 

13 

26 

28 

7 

Jaipur 


1926—'35 

208 

13 

16 

18 

5 

4 

4 

17 

24 

Jubbulpore 


1928—’35 

321 

13 

10 

12 

5 

7 

6 

26 

21 

Sambalpur 


1930—*85 

222 

6 

11 

16 

6 

7 

23 

19 

11 

Bombay . 


1926—'35 

664 

7 

4 

3 

2 

4 

21 

41 

18 

Poona 


1926—'35 

550 

3 

5 

7 

4 

4 

12 

53 

13 

Hyderabad 


1929—'35 

234 

6 

6 

6 

5 

2 

6 

37 

30 

Waltair 


1928—'35 

176 

6 

6 

5 

3 

7 

21 

44 

7 

Mangalore. 


1928—'35 

328 

4 

1 

3 

1 

4 

13 

29 

40 

Bangalore 

• 

1926—'35 

513 

1 

1 

4 

1 

1 

14 

63 

14 

Madras 

- 

1926—'35 

296 

9 

3 

5 

7 

3 

18 

32 

22 

Port Blair 

• 

1926—35 

404 

.. 


2 

5 

4 

43 

38 

8 1 

Kodaikanal 


1926—36 

309 

7 

5 

6 

11 

7 

5 

41 

19 

Trivandrum 


1926—'35 

246 

7 

3 

2 


1 

3 

13 

68 


APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over India. 

SEPTEMBER. 


§L 


Stationary. 


No. of 
Obsns. 


13 

28 

10 

27 

22 

202 

75 

13 

82 

66 

94 

53 

93 
82 
63 
43 
43 
77 

131 

53 

111 

122 

17 

94 
174 

69 

68 

86 

39 

138 

89 

62 

86 


Medium Clouds. 


N 

NE 

E 

SE 

S 

SW 

W 

14 

14 

61 

10 




2 

4 

30 

18 

7 

29 

5 

8 

8 

17 

13 

46 

8 

.. 


37 

29 

19 

2 

5 

7 

5 

• • 

.19 

27 

24 

16 

5 

2 

2 

1 

2 

3 

23 

48 

3 

6 

3 

9 

15 

32 

25 

•• 

10 


3 

23 

43 

15 

1 

16 

17 

19 

7 

18 

9 

8 

13 

20 

2 

16 

23 

9 

6 

11 

11 

14 

14 

21 

9 

3 

12 

27 

19 

12 

8 

8 

3 

6 

10 

17 

11 

11 

32 

2 

2 

15 

11 

3 

34 

25 


3 

24 

11 

3 

3 

2 

•• 

2 

13 

37 

10 

15 

7 

• • 

8 

21 

35 

7 

7 

8 

.. 

5 

17 

45 

7 

7 

6 

5 

6 

16 

32 

11 

10 

9 

2 

6 

5 

9 

15 

18 

16 

18 

7 

10 

3 

4 

15 

21 

7 

9 

33 

11 

5 

9 

14 

8 

7 

41 

7 


20 

12 

10 

12 

15 

12 

3 

20 

14 

8 

20 

24 

11 

7 

9 

8 

18 

25 

16 

3 


6 

9 

8 

13 

14 

11 

10 

7 

19 

10 

5 

43 

18 



12 

16 

16 

21 

2 

5 

13 

11 

6 

8 

18 

11 

4 

9 

24 

10 

15 

23 

21 

4 

9 

8 

4 

10 

26 

8 

1 

12 

21 

23 

8 

10 

4 


2 

11 


” Stationary. 

No. of 
Obsns. 

High Clouds. 

Stationary. 

i 

N 

NE 

E 

SE 

S 

SW 

W 

NW 


15 



54 

45 





•• 


17 

5 

5 

33 

36 

17 




5 


74 

1 

7 

22 

24 

10 

7 

6 

6 

18 


83 

1 


.. 

2 


15 

64 

14 

3 


26 


6 

7 

14 

6 

37 

30 


.. 


5 

10 





50 

30 

10 

.. 

5 

75 

1 

12 

27 

20 

10 

8 

17 

2 

2 

6 

83 

3 

5 

12 

22 

13 

17 

19 

.. 

10 

8 

99 

4 

4 

13 

22 

24 

18 

8 

3 

2 

6 

24 

3 

10 

21 

30 

12 

2 

17 

.. 

8 

4 

215 

6 

7 

31 

22 

8 

11 

5 

5 

7 

1 

64 

5 

5 

10 

3 

2 

14 

35 

13 

13 

48 

180 

1 

13 

52 

20 

4 

4 

1 


6 

16 

43 

3 

25 

11 

17 

2 

2 

14 

5 

20 

11 

66 

1 

2 

54 

20 

2 

2 

13 


6 

8 

113 

1 

11 

40 

26 

2 

3 

4 

5 

8 

1 

188 

4 

28 

45 

9 

2 

1 

2 

1 

9 

27 

30 

2 

12 

45 

9 

4 

4 

6 

2 

16 

11 

40 

13 

14 

15 

23 

5 

12 

7 

8 

3 

•• 

154 

1 

3 

61 

18 

6 

1 

7 

2 

1 

•• 

73 


11 

63 

23 

1 



1 

1 

2 

59 

8 

21 

30 

14 

9 

8 

8 

2 


3 

154 

2 

19 

54 

21 

1 

1 

2 




86 

1 

27 

61 

9 

.. 


1 

1 

2 

3 

78 


5 

82 

11 



2 




95 


26 

61 

9 

.. 

1 

2 


1 

•• 

83 

6 

21 

31 

28 

1 

8 

4 

2 


3 

291 

1 

9 

73 

14 



1 

1 

1 

1 

100 

.. 

17 

. 66 

9 


2 

1 

1 

4 

6 

108 


11 

76 

9 

1 

.. 

1 

1 

1 

•• 

104 

7 

17 

49 

9 

1 

3 

5 

8 

•• 


242 RAMANATHAN AND RAMAKRISHNAN. 








































































Station. 

Bahrein . 

. 

Muscat 

. 

Gwador . 

. 

Karachi . 

. 

Quetta 

. 

Peshawar . 

. 

Lahore 

. 

Simla 


Ahmedabad 


Ajmer 


Agra 

.. 

Allahabad 

. 

Patna . 

. 

Tezpur 

. 

Calcutta . 


Dacca 

. 

Chittagong 

. 

Akyab 

. 

Mandalay 

. 

Rangoon . 

. 

Jaipur 

. 

Jubbulpore 


Sambalpur 

. 

Bombay . 

. 

Poona 


Hyderabad 


Waltair 


Mangalore. 


Bangalore 


Madras 

. 

Port Blair 


ICodaikanal 


Trivandrum 



Years. 

No. of 
Obsns. 

1928—'35 

15 

1927—*34 

42 

1927—*35 

127 

1926—'35 

169 

1926—34 

44 

1926—35 

176 

1926—'35 

86 

1926—'27 

20 

1928—'35 

113 

1928—'34 

140 

1926—'35 

137 

1930—’35 

87 

1928—'35 

227 

1929—'35 

1C9 

1926—'35 

440 

1928—*35 

310 

1929—'35 

164 

1926—'35 

333 

1929—35 

276 

1928—'35 

373 

1926—'35 

141 

1928—'35 

190 

1930—'35 

203 

1926—'35 

460 

1926—'35 

431 

1929—'35 

259 

1928—'35 

195 

1928—'35 

366 

1926—'35 

559 

1926—'35 

465 

1926—'35 

550 

1926—'35 

407 

1926—'35 

286 


APPENDIX B. 

Normal percentage frequencies of direction of movement of clouds over 

OCTOBER. 


<SL 


India. 


N 

NE 

E 

SE 

S 

SW 

W 

NT* 

31 

33 

2 



6 

10 

18 

2 

10 

23 

8 

11 

17 

19 

10 


2 

8 

11 

15 

23 

37 

4 

3 

13 

2 

1 

4 

12 

60 

5 


4 


4 

3 

23 

50 

16 

3 

1 

6 

6 

12 

35 

28 

9 

6 

5 

6 

3 

22 

41 

8 

9 

2 


4 

23 

27 

10 

5 

16 

3 

17 

10 

7 

7 

22 

25 

9 

6 

11 

8 

7 

7 

10 

30 

21 

4 

7 

19 

5 

1 

9 

29 

28 

2 

9 

42 

4 

9 

8 

13 

13 

3 

9 

26 

13 

4 

4 

23 

18 


7 

24 

3 

4 

33 

29 

.. 

12 

10 

10 

11 

10 

17 

11 

13 

11 

6 

5 

10 

17 

22 

10 

12 

15 

14 

5 

6 

25 

21 

6 

6 

10 

19 

10 

18 

12 

11 

11 

9 

7 

4 

9 

12 

23 

24 

8 

12 

3 

13 

24 

25 

12 

6 

8 

5 

12 

9 

14 

3 

3 

15 

14 

24 

18 

18 

17 

8 

9 

8 

11 

11 

6 

24 

18 

10 

5 

18 

10 

8 

15 

8 

15 

13 

7 

10 

12 

19 

5 

16 

30 

19 

4 

8 

8 

10 

9 

17 

29 

17 

4 

8 

6 

9 

8 

20 

28 

7 

9 

15 

9 

4 

9 

9 

6 

8 

10 

10 

21 

26 

5 

23 

21 

5 

1 

11 

25 

8 

11 

28 

24 

6 

4 

7 

10 

10 

1 

7 

27 

14 

7 

19 

17 

4 

18 

16 

12 

9 

5 

J9 

14 

16 

8 

4 

6 

2 

3 

6 

31 

38 


Stationary. 


1 

2 

1 

12 


20 

33 

26 

49 

25 

197 

51 

17 

71 

46 

81 

29 

95 
71 
63 
65 
22 
62 

112 

49 

96 
109 

36 

131 

187 

57 

62 

133 

38 

121 

107 

49 

85 


Medium Clouds. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 




6 

27 

11 

33 

7 

8 

3 

1 

1 

15 

49 

13 

8 



15 

15 

3 

58 

8 


5 

5 

12 

5 

17 

40 

9 

1 

2 

10 

6 

2 

3 

42 

18 

17 

2 

3 

1 

1 

8 

29 

40 

14 


1 

2 

6 

25 

33 

20 

14 

4 


2 

35 

82 

13 


4 

1 

3 

16 

7 

12 

28 

29 

4 

1 

•• 


9 

6 

45 

34 

5 

4 

2 

2 

10 

4 

17 

36 

25 


5 

1 

6 

9 

34 

19 

10 

5 

3 

4 

5 

14 

35 

26 

7 

2 


1 

2 

2 

40 

47 

3 

1 

1 

3 

1 

14 

15 

27 

.. 



8 

9 

8 

29 

33 

9 

•* 


10 

3 

9 

40 

26 


7 

9 

24 

22 

7 

12 

11 

5 

2 

3 

7 

8 

19 

17 

32 

10 

2 

6 

22 

35 

5 

4 

2 


3 

4 

5 

12 

4 

16 

34 

19 

7 

7 

13 

9 

7 

25 

21 

11 

1 

5 

16 


8 

53 

15 

3 

5 

16 

15 

21 

12 

12 

8 

9 

6 

14 

19 

18 

11 

11 

3 

9 

12 

21 

21 

21 

2 

6 

12 

5 

11 

16 

25 

16 

4 

11 

11 

4 

•• 

17 

39 

22 

2 

6 

12 

1 

5 

10 

20 

24 

11 

7 

8 

15 

3 

12 

35 

15 

3 

11 

10 

11 

3 

17 

32 

15 

9 

6 

4 

5 

5 

13 

42 

10 

4 

10 

3 

8 

19 

23 

13 

8 

1 

4 

10 

21 


Stationary. 


16 

2 


10 


17 

1 

2 

25 

3 

10 

5 

2 

23 

2 


40 

28 

22 

50 

27 

173 

28 
5 

43 

13 
40 

14 
104 

19 

112 

30 

37 

76 

151 

49 

24 

100 

52 

176 

174 
76 

117 

150 

99 

240 

134 

86 

87 


High Clouds. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 





4 

33 

59 

4 





5 

67 

27 



•• 

10 

10 


36 

43 

1 


2 

5 

2 


45 

19 

17 




3 

1 

50 

41 

6 

1 

1 

3 

2 

4 

25 

57 

6 


•• 



13 

23 

52 

12 

30 





10 

30 

30 


2 

2 

8 

7 

57 

25 

.. 






64 

36 





1 

2 

33 

50 

8 




8 

•• 

34 

41 






3 

42 

47 

6 


3 



2 

14 

68 

3 

4 

4 

11 

13 

13 

26 

13 

4 

2 

3 

1 

2 

2 

59 

26 

6 

1 

8 

3 

1 

1 

18 

39 

7 

1 

6 

20 

17 

6 

13 

20 

11 

5 

12 

7 

3 

15 

18 

25 

9 

1 

9 

23 

14 

3 


8 

1 





2 

45 

46 

7 

1 


11 

4 

15 

27 

37 

2 



5 

28 

11 

41 

14 

1 

6 

12 

17 

24 

11 

16 

11 

2 

2 

7 

13 

17 

17 

29 

11 

3 

5 

10 

33 

19 

18 

9 

1 


1 

14 

31 

28 

8 

15 

3 

1 


10 

47 

25 

12 

4 

1 

1 

8 

14 

27 

44 

5 

5 

3 


1 

7 

50 

31 

4 

3 

1 

1 

1 

13 

58 

19 

4 

1 

1 


1 

9 

63 

24 

2 



1 

1 

21 

46 

20 

7 

•• 

4 

•• 


Stationary, 


6 

17 

2 

10 

12 

20 

7 

7 

40 


to 

CO 
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• MINIS 



Station. 


Bahrein . 
Muscat 
Gwador . 
Karachi . 
Quetta 
Peshawar ^ 
Lahore 
Simla 

Ahmedabad 

Ajmer 

Agra 

Allahabad 

Patna 

Tezpur 

Calcutta . 

Dacca 

Chittagong 

Akyab r 

Mandalay 

Rangoon . 

Jaipur 

Jubbulpore 

Sambalpur 

Bombay . 

Poona 

Hyderabad 

Waltair 

Mangalore 

Bangalore 

Madras 

Port Blair 

Kodaikanal 

Trivandrum 


APPENDIX B. 


Normal percentage frequencies of direction of movement of clouds over India. 

NOVEMBER. 


Years. 

No. of 
Obsns. 

LOW CLOUDS. 

Stationary. 

No. of 
Obsns. 

Medium Clouds. 

•stationary. 

No. of 
Obsns. 

High Clouds. 

---i 

Stationary. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

1 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

1027—’35 

73 

19 

2 



6 

24 

25 

23 

.. 

48 





2 

36 

61 



124 






27 

61 

12 


1927—'31 

63 

18 

4 

8 

2 

10 

13 

22 

25 

. ^ 

17 





1 

67 

22 

8 


107 






47 

52 

1 


1927—35 

36 



4 


12 

46 

38 



35 




2 

5 

43 

50 


.. 

116 



1 


1 

26 

57 

9 

4 

1926—’35 

48 


1 

2 

1 

3 

30 

50 

14 


59 

1 

5 



4 

55 

31 

4 


170 






18 

65 

9 

7 

1926—34 

65 


2 



5 

27 

58 

9 


48 





3 

34 

45 

19 

... 

80 

1 





34 

45 

20 

•• 

1926—35 

122 


7 

2 

6 

30 

29 

16 

9 

1 

225 

1 

1 

2 

2 

7 

32 

50 

5 


461 





1 

17 

65 

16 


1926—’35 

27 



2 

7 

13 

50 

28 



62 





7 

30 

60 

4 


132 

1 




2 

18 

69 

10 


1926—27 

9 



11 

72 

6 

11 




16 

2 

7 



9 

14 

51 

12 

4 

20 






30 

61 

9 


1928—35 

40 

4 

20 

5 


20 

26 

19 

6 

. . 

29 




2 

4 

71 

23 



80 





5 

44 

43 

7 


1928—33 

21 




4 

8 

43 

29 

16 

.. 

31 






49 

50 

1 


101 






28 

55 

17 

*• 

1926—'35 

43 

9 

11 

1 

4 

3 

25 

33 

16 


37 

... 

6 

6 


1 

35 

46 

6 


147 






22 

70 

8 


1930—35 

31 

6 

15 

15 

4 

2 

4 

38 

16 


20 






55 

39 

5 


27 






70 

30 



1928—'35 

69 

1 

9 

24 

10 

2 

4 

19 

25 

4 

34 


8 

5 



24 

57 

5 


88 






36 

60 

4 


1928—*35 

124 

1 

7 

29 

15 

4 

27 

15 

2 

2 

63 

3 

1 

1 

3 

4 

12 

60 

14 

2 

30 

2 





4 

63 

31 


1926—’35 

183 

25 

19 

5 

3 

7 

11 

12 

18 

1 

38 

12 

1 


2 

6 

35 

22 

7 

16 

138 



1 


5 

68 

24 

1 

2 

1928—’35 

199 

12 

11 

4 

4 

4 

12 

18 

21 

17 

49 

2 

2 


., 

3 

41 

48 

4 


41 

1 





33 

55 

12 


1928—’35 

110 

17 

16 

0 

8 

21 

13 

13 

7 


25 

2 


2 


12 

42 

35 

6 


71 


1 



3 

32 

51 

7 

6 

1926—*35 

195 

11 

19 

5 

11 

12 

18 

14 

10 


^ 38 

6 

6 

2 

9 

19 

23 

22 

14 


117 




1 

9 

85 

45 

10 

1 

1928—’35 

205 

9 

2 

2 

5 

24 

36 

15 

7 

1 

71 


2 

1 

12 

12 

34 

33 

4 

1 

82 




1 

1 

29 

63 

7 


1928—*35 

252 

6 

12 

32 

20 

7 

6 

3 

6 

8 

36 

5 

9 

7 

35 

5 

15 

5 

7 

12 

52 


4 

5 

13 

16 

26 

19 

12 

5 

1926—*35 

24 

8 

11 

4 


9 

38 

21 

10 


62 

7 

2 



2 

29 

45 

13 

•• 

104 

2 




2 

24 

56 

16 


1928—35 

69 

15 

14 

6 

7 

4 

8 

31 

15 


48 

7 


1 


4 

40 

40 

8 


96 





3 

44 

52 

2 


1930—*35 

96 

11 

14 

9 

8 

10 

19 

15 

15 


11 






55 

30 

15 


71 




4 

2 

63 

30 



1926—*35 

174 

6 

23 

16 

7 

22 

17 

4 

6 


69 

2 

2 

4 

22 

22 

29 

19 


2 

215 

2 

1 

3 

16 

14 

45 

11 

3 

5 

1926—*35 

166 

8 

11 

28 

18 

12 

15 

6 

2 

1 

65 

1 

10 

10 

18 

24 

23 

11 

4 

•• 

173 

1 



3 

18 

51 

24 

3 


1929—*35 

124 

6 

20 

22 

20 

12 

2 

12 

6 


23 

9 

18 

13 

17 

17 

17 

9 


•• 

91 

3 

1 

1 

9 

40 

39 

5 


V 

1928—*35 

106 

9 

43 

27 

9 

2 

3 

3 

5 


48 

13 

5 

27 

21 

9 

10 

4 

3 

8 

132 

1 

•• 

1 

2 

28 

51 

15 

1 


1928—*35 

167 

10 

10 

30 

10 

7 

14 

8 

11 


99 

2 

13 

40 

25 

7 

3 

9 


• • 

176 

1 

3 

25 

35 

15 

11 

9 

2 


1926—'35 

394 

4 

30 

40 

10 

3 

5 

4 

3 


34 


28 

25 

20 

15 

6 

5 

2 


157 


5 

17 

37 

17 

15 

5 

3 


1926—*35 

624 

12 

56 

18 

5 

3 

2 

2 

2 


87 

9 

19 

31 

15 

4 

10 

4 

5 

4 

223 

2 

3 

14 

32 

24 

16 

4 

1 

5 

1926—35 

560 

1 

24 

49 

14 

4 

4 

3 

1 


82 

3 

14 

40 

15 

12 

13 


3 


142 

5 

6 

27 

38 

11 

3 

3 

1 

7 

1926—'35 

328 

16 

16 

20 

18 

4 

5 

10 

12 


42 

3 

11 

41 

21 

2 

11 

7 

4 

•• 

108 

2 

6 

21 

43 

18 

10 

1 

•* 

1 

1926—*35 

298 

7 

16 

8 

8 

5 

18 

18 

21 


101 

8 

28 

28 

16 

4 

12 

1 

4 

1 

88 

6 

12 

29 

41 

6 

1 

3 

2 

* 0 



* 


RAMANATHAN AND RAMARISHNAN. 



































































































APPENDIX B. 

Normal percentage frequencies of direction of movement 

DECEMBER. 


<SL 


of clouds over India 


Stationary. 

No. of 

High Clouds. 

Stationary. 


Obsns. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

1 

79 






27 

63 

10 



98 

1 





28 

56 

15 



142 

1 




1 

11 

68 

15 

2 


212 

2 




1 

12 

73 

13 



76 

1 




.. 

37 

51 

11 



432 

1 

1 


1 

3 

19 

66 

10 



164 

1 




1 

21 

58 

19 



33 






30 

61 

9 



71 






16 

72 

12 



77 

3 





22 

69 

5 


1 

170 

1 





21 

76 

3 


3 

25 






39 

59 

2 



109 






34 

63 

3 



35 





1 

21 

77 

1 


9 

107 

2 





55 

35 

3 

6 


28 






29 

71 




85 


1 


2 

3 

21 

73 

1 



93 





3 

35 

48 

9 

6 


75 






40 

60 



4 

67 


3 

9 

5 

23 

33 

20 


6 


133 

1 




1 

30 

63 

5 



98 






19 

76 

5 



36 






62 

36 

2 



159 

1 


3 

9 

15 

44 

21 

5 

3 


142 





8 

44 

43 

3 

3 


72 

1 



5 

12 

63 

17 

2 



115 





11 

70 

19 




179 

1 

1 

12 

18 

28 

22 

13 

5 



146 


3 

6 

25 

15 

38 

10 

2 

j. 

3 

195 



3 

16 

28 

33 

15 

1 

5 

2 

139 

1 

1 

8 

38 

24 

17 

6 

1 

7 

7 

140 

1 

2 

12 

40 

13 

16 

7 

3 

7 


152 

3 

6 

32 

30 

7 

8 

8 

5 

•• 


Station. 

Years. 

No. of 
Obsns. 

Low Clouds. 

Stationary. 

No. of 
Obsns. 

Medium Clouds. 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Bahrein . 

1927—’35 

140 

23 

3 

1 

2 

3 

17 

29 

22 


101 




1 


18 

63 

17 

Muscat 

1927—’34 

138 

6 

2 

6 

4 

3 

18 

40 

19 


40 

6 



3 


16 

51 

25 

Gwador . 

1927—'35 

92 

1 

1 

20 

17 

11 

22 

25 

4 


45 




5 


34 

55 

6 

Karachi . 

1926—'35 

77 

6 

4 

.. 

1 

4 

17 

52 

15 

2 

88 

1 




4 

26 

62 

7 

Quetta 

1926—'34 

128 

3 

1 


1 

7 

32 

42 

15 


69 

3 




2 

31 

46 

19 

Peshawar . 

1926—'35 

180 

7 

6 

11 

11 

29 

22 

8 

6 


322 

1 

1 

5 

4 

9 

44 

32 

5 

Lahore 

1926—’35 

77 

2 

2 

7 

13 

24 

32 

18 

2 


115 



1 

2 

6 

44 

41 

6 

Simla 

1926—'27 

4 




25 

37 

12 

25 

.. 


39 



4 

6 

7 

50 

29 

3 

Ahmedabad 

1928—‘35 

29 

1 

1 

3 


14 

44 

27 

10 


35 


1 

1 

1 

5 

35 

45 

13 

Ajmer 

1928—35 

49 

4 

3 

1 

1 

7 

40 

41 

3 

1 

45 





7 

48 

42 

3 

Agra 

1926—'35 

81 

1 

2 

2 

2 

7 

42 

39 

5 


73 





1 

27 

70 

1 

Allahabad 

1930—35 

35 


2 



4 

25 

57 

13 


39 






22 

67 

8 

Patna 

1928—35 

61 

5 

6 

12 

6 

3 

13 

36 

18 


59 

3 




1 

27 

64 

5 

Tezpur 

1928—35 

116 

2 

3 

29 

6 

1 

29 

23 

7 

1 

42 


2 

2 

9 


27 

49 

12 

Calcutta . 

1926—'35 

134 

26 

10 

2 

2 

1 

20 

17 

21 

2 

40 

3 


6 


4 

31 

44 

3 

Dacca 

1928—'35 

136 

8 

3 

6 

1 

2 

22 

27 

27 

4 

45 





4 

37 

56 

3 

Chittagong 

1928—35 

58 

6 

19 

4 

7 

17 

24 

20 

3 

1 

53 

1 




4 

37 

56 

2 

Akyab 

1926—'35 

140 

14 

29 

1 

3 

8 

15 

23 

9 


50 




9 

14 

28 

38 

10 

Mandalay 

1928—'35 

133 

7 

3 

8 

9 

21 

30 

19 

3 


51 





25 

75 



Rangoon . 

1928—'35 

201 

8 

20 

27 

14 

9 

9 

7 

3 

4 

33 


5 

9 

29 

18 

24 

12 


Jaipur 

1926—'35 

72 

2 

4 

6 

4 

7 

42 

32 

3 


78 

1 




3 

47 

47 

2 

Jubbulpore 

1928—'35 

90 

5 

2 

2 


3 

25 

48 

15 


67 





1 

19 

76 

4 

Sambalpur 

1930—'35 

66 

6 

4 

2 



15 

50 

22 


9 






42 

50 

8 

Bombay . 

1926—35 

107 

4 

9 

15 

17 

18 

15 

13 

9 


57 



4 

16 

25 

40 

14 

2 

Poona 

1926—'35 

159 

1 

4 

18 

16 

21 

23 

17 

2 


37 



4 

3 

22 

45 

26 

1 

Hyderabad 

1929—'35 

111 

6 

17 

20 

32 

4 

6 

8 

8 


15 


6 


22 

27 

9 

18 

19 

Waltair 

1928—’35 

62 

16 

30 

21 

14 

9 

3 


7 


61 


4 

9 

18 

13 

22 

17 

17 

Mangalore 

1928—'35 

115 


13 

37 

16 

7 

18 

3 

8 


76 


15 

27 

23 

17 

15 

2 


Bangalore 

1926—'35 

361 

1 

29 

57 

8 

1 

1 

1 

1 


26 


29 

23 

11 

2 

19 

5 

10 

Madras 

1926—'35 

594 

7 

65 

25 

3 






70 

14 

7 

26 

12 

13 

20 

3 

4 

Port Blair 

1926—'35 

555 

3 

38 

51 

6 

1 


1 

1 


75 

8 

15 

36 

19 

8 

2 

4 

5* 

Kodaikanal 

1926—35 

313 

8 

21 

27 

20 

3 

5 

2 

13 

1 

18 



44 

27 

5 

11 

7 


Trivandrum 

1926—'35 

257 

6 

28 

20 

10 

2 
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The variation of the normal west-east component of wind (metres per second) along longitude 78° E. 
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